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PREFACE 

Information Macro dynamics (IMD) belong to an interdisciplinary science that 
represents a new theoretical and computer-based methodology for a system 
informational description and improvement, including various activities in such areas 
as thinking, intelligent processes, communications, management, and other 
nonphysical subjects with their mutual interactions, informational superimposition, 
and the information transferred between interactions. 

The IMD is based on the implementation of a single concept by a unique 
mathematical principle and formalism, rather than on an artificial combination of 
many arbitrary, auxiliary concepts and/or postulates and different mathematical 
subjects, such as the game, automata, catastrophe, logical operations theories, etc. 

This concept is explored mathematically using classical mathematics as calculus of 
variation and the probability theory, which are potent enough, without needing to 
develop new, specified mathematical systemic methods. 

The formal IMD model automatically includes the related results from other fields, 
such as hnear, nonhnear, collective and chaotic dynamics, stability theory, theory of 
information, physical analogies of classical and quantum mechanics, irreversible 
thermodynamics, and kinetics. 

The main IMD goal is to reveal the information regularities, mathematically 
expressed by the considered variation principle (VP), as a mathematical tool to 
extract the regularities and define the model, which describes the regularities. 

The IMD regularities and mechanisms are the results of the analytical solutions and 
are not retained by logical argumentation, rational introduction, and a reasonable 
discussion. The IMD's information computer modeling formalism includes a human 
being (as an observer, carrier and producer of information), with a restoration of the 
model during the object observations. 

The observed random data reflect the object activities at a microlevel as the 
elementary informational exchanges between interactions, which can generate new 
information via \h&dynamic (macro) processes and systemic integrations. 

The IMD model (at some initial conditions) has a probabilistic tendency to organize 
itself into a self-control system endowed with a potential to evolve. 

The synthesized optimal macrodynamics give rise to the self-organized structures 
becoming complicated in the process of optimal motion, identifiable with a model's 
information complexity function. These results lead to the system's information 
modeling and optimal control the complex objects on the basis of their two-levels 
(micro-and macro-) description. 

The macrostructures created by collective chaotic dynamics form an information 
self-organized network, which is able to generate a universal information code as a 
general systemic genetic govemer of any optimal information macrostructure. 

The code is a formal model's attribute that does not depend on the object's specifics. 

The information macromodel of the computer technology's objects is considered as a 
dynamic network of informational flows that, by interacting, are capable of producing 
new information. The input data is transformed into the format of initial information 
flows for that network, and the output network's flows are represented in the required 
data base format. The sufficient general hierarchical structures are concretized with the 
use of a formal procedure for fhe observed process' identification. The information 
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flows may interact not only physically but also via their virtual connections 
initiating an information dynamic process that can be distributed in space. 

Systems modeling of Xh&virtual dynamics and geometry for a wide diversity of 
virtual systems, which play an important role in simulating of computer images, 
conununications, data modeling, network, and artificial intelligence, essentially 
extend 

the areas of IMD applications. 

The systemic informational dynamic description, disclosing an information 
mechanism of the object's processes, their mathematical models, information data 
exchanges, control, optimization, and computation (as a process of transforming 
information), represents the most general approach for any existing and designed 
objects. This brings new mathematical modeling tools, common information 
methodology, and a direct computer solution to actual systemic problems for a wide 
diversity of the nonphysical and physical complex objects. 

The series of computer programs and macrosystem methodology were elaborated and 
used in a practical application for a constructive solution in concrete engineering, 
biology, medicine, education, and economic problems of modeling, prediction, 
optimization, structural organization, adaptive control, and design. 

The book is written by the principle "from a simple to a complex" by illustrating 
first a fruitfulness of the VP's solution and then providing the VP's detailed 
mathematical formalism. 

Part Descriptions 

Part 1 .Information Systems Modeling contains a conceptual review of the IMD 
basic results. The first chapter gives an elementary introduction and a simple 
explanation of the essentid IMD results. The introduced entropy functional 
evaluates an interconnected set of random interactions as a probabilistic path integral 
of a stochastic process that measures a cooperative result of the interactive dynamics. 
This part considers the specifics of macrodynamics and informational geometry 
applied for modeling and simulation. 

Following chapter includes the information-physical models with their relations to 
fundamental sciences. These connections have revealed the existence of general 
information systemic regularities along with an opportunity of applying the science's 
outcomes and translating the science's specifics into their information interpretations 
and categories, and vice versa, to model the diversity of objects of a different nature. 

Part 2 contains the Mathematical IMD Foundation, which demonstrates the formal 
mechanism and information language for revealing the informational dynamic 
regularities originated by the microlevel stochastic processes. 

The variation minimax principle (VP), applied to the entropy functional, integrates 
the microlevel stochastics into the generated irreversible Hamilton-Lagrange 
macrodynamics of uncertainties. The solution to the variation problem creates 
mathematical and information mechanisms of modeling the systemic regularities. The 
transformation of stochastics into macrodynamics describes the specific informational 
concentrated and distributed models with information hierarchical network and its 
formal logic at the upper model's level. Some mathematical details, theorem's proofs, 
and results are published for a first time. 
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Mathematical foundation of the VP principle is very important not only for IMD 
and traditional information theory, but also for systems theory, statistics, and 
mathematical physics. 

The IMD mathematical formalism is transformed into corresponding information 
analytical and algorithmic procedures, implemented by the IMD software packet. 

Part 3 contains the IMD Applications examined first on different model's examples 
and then implemented in a practice. A reader will find an oudine of various practical 
IMD's applications. 

Part 2 would be interested for a reader who wants to understand the basic IMD 
mathematical formalisms, which is an essential attribute of the IMD modeling 
mechanisms and their correctness. The reader, interested in an essence of IMD and its 
conceptual understanding, may read the book's Part 1 only and then continue with 
the practical applications in Part 3. 

This book focuses mostly on the IMD essence, concepts, information modehng, and 
areas of the main applications. It provides new ideas for both theory and applications 
that would be interesting for a wide audience, including professionals, scholars, 
researchers, students, and information technology users. 

The book utilizes the author's scientific and practical experience for more than 30 
years. The main research and academic results have been published in more than 200 
scientific articles and 5 monographs, which contain different parts of the IMD (have 
been described in some details, including the IMD software and different computer 
apphcations). 

Some simplifications and corrections were made compared to author's monograph [3], 
along with introducing new results. 

The author thanks Professor Achim Sydow, Professor MIchailo Mesarovic, and an 
anonymous reviewer for valuable comments. 

Only the book's formulas, cited for an outside of the part and/or chapter's references, 
start with a part or/and chapter paragraph's numbers, for example 2. 2.1.3 for part 2, 
chapter 2.1 paragraph 3. Within each chapter we use a sequential numbering of 
formulas starting with 1, and apply them only for the inside references. The same 
principle we apply also to all figures. 

This new book would be useful as an Introductory Course in the IMD providing 
the guiding principles and examples of the IMD applications. 

The author has taught the course "Information Macrodynamics" for graduate students 
at the University of California at Los Angeles (UCLA) and at West Coast University. 
Based on IMD, some new and advanced courses were given at UCLA and WCU such 
as "Information Systems Analysis and Modeling," "Advanced Artificial Intellect," 
and "Dynamic Cognitive Modeling". 

This book would be interesting for a wide area of specializations in Computer 
Science, Engineering, Business and Management, Education, Environment, Biology, 
Medical Science, Psychology^ and for different Interdisciplinary fields. 

Author thanks Dr. Michael Talyanker for developing the AutoCAD simulation 
procedure applied to the IMD examples, and Sasha Moldavsky, Dina Treyger for 
correcting the manuscript's text. 

Special gratitude to my wife Sauna for her love and patience and all my family. 




Author addresses this book to curious and searching minds, 
trying to understand a modern World of Information and 
Uncertainties. 

To my children and grandchildren, representing such a 
new generation. 

In memory of my parents, whose generation inspires our 
motivation and craving for a knowledge. 
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I. THE IMD ESSENCE AND CONCEPTS 

1. INTRODUCTION 

1.1. Notion of information 

Let us define an elementary event as a something that may occur or may not 
occur. Such an elementary event automatically carries a measure of its existence or 
a certainty. 

The elementary event could be represented by a pair of symbols, for example, 
"yes" or "no" (expressed in material or not material, physical or nonphysical forms). 

A set of elementary events can be represented by a sequence of the above or 
different distinctive symbols, and their particular combinations. The considered 
elementary event, as well as its set, carries an information regarding its occurrences 
(chances), as an intrinsic measure of a definitiveness or uncertainty. 

The information is a definitive equivalent of the uncertainty of chances, because 
acquiring of information is accompanied with decreasing of uncertainty. 

Generally, it is not necessary to collate the symbols with a real event’s occurrence. 
Any virtual or potential occurrence of the event could be an indication of a 
conceptual nonmaterial form of information. Two symbols (m, n), where m is the 
number of a particular result from their total number n, can describe each event. 

The elementary event (m=l, n=2) may occur only once with a definitiveness of 

1/2. When three coins are tossed we have total possible N =2 =8 "tail-head" 
combinations of the event's set occurrence, described by (1, 8), with the probability 
measure of the definitiveness 1/8. Both the probable and the combinatory measures 
unify an imaginary abstract situation, described by the eight equal combinations, 
that does not require us to know which of particular tossed coins is considered. It is 
necessary to have only the number of possible combinations N of the event's set 
that define the information independently of the event's details and individual 
occurrences. This N carries a priory uncertainty regarding the event's occurrences. 
The event's realization brings a certainty-information, which eliminates a posteriory 
uncertainty. That's why the removed uncertainty serves as a measure of information. 

The potential combinations of the states of an object serve as a source of the 
event's set without an explicit distinction of the object's specifics. Different 
mathematical measures evaluate the quantitative and the qualitative characteristics 
of information. The Hartley's quantitative information measure 

(1.1) log^ N=H 

carries the number H of possible logical representations of each of the object's 
states as the states' coding language. The states' code can be represented in a form of 
information frequency (how frequent each of these states may appear) 
corresponding to the state's probability. The related Shannon's formula for 
information entropy 

(1.1') //-~lnP, P=ll N 

measures the quantity of information among the equal probable events or their 
combinations and introduces the definitive information measure, whose maximum 
corresponds to a minimal probability of the events' set (comparing with all other 
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probabilities of the events' set), and has a meaning of the events' maximal 
uncertainty. The maximum probable events provide a minimal quantity of 
information, or a minimal uncertainty. The quantity of information of a symbol is 
measured by the probabilistic measure of a surprise, which the symbol carries 
among a considered set of the equal potential symbols. 

A fixation of this measure eliminates the surprise carried by these possibilities. 

The information coding language, which encodes 258 symbols in an eight-bit 
byte, represents a computer algorithm and programs. 

The probability or the combinatory theories define the information delivered 
from different composite sets of elementary events. A complex object with a 
multi-dimensional states's structure acquires a spectral frequency representation. 

A generation of the information opens a possibility of the objects' communication 
by sending a message in the information code (1.1,1.!'). The message carries the 
object's virtual and shortest distinctive symbolic representation, which can exist 
outside of the object in a nonmaterial (and a nonphysical) form. Such a message 
is a nonredundant substance of the object's most economical modeVs description. 

Therefore, information undertakes the discrete, distinctive, nomedundant, 
probabilistic, combinatory, and spectral forms. Information is a measure of 
knowledge that compensates an uncertainty representing a lack of knowledge. 
Information exists only regarding such a system, where a choice can be executed. 
The information measure depends on the accepted ensemble of potential 
possibilities, marked by the chosen symbols. An observer of information may 
choose the ensemble's symbols suitable to the observer's goal. 

Uncertainty generaly is a comparative measure, evaluated by a current probability 
relatively to the probability of some fixed (or basic) event (state, situation, and 

so on) Pj, , where P^=l is a probability of a known event. The uncertainty 
(entropy) measures the relationship between the events by the formula 
S = - InP^ / P^ . The information (negentropy N = -S) is a complimentary 

measure, which adds to the current P^ the difference P^ transforming the 

uncertainty (ignorance) into the knowledge. The information carries a total 
knowledge of the objects' states' diversity and a classification in terms of a 
minimal symbolic description. A total message that carries the n independent 
random equal probable elementary messages, has the probabihty P , entropy H for 
each of them, and the message's total entropy = Hn . The total message can be 
encoded by L-symbols from their entire collection D with the number of possible 
combinations and the entropy = LlnD. An equivalence of both the 
initial message and the symbols' code sequence leads to the optimal length of the 
encoding symbols / In Z) . For the equal probable symbols, each of them 

carries information In D and, therefore, is used the most effectively. The elementary 
codeword that carries the information should have the optimal Shannon's length 

(1.1a) / = A /InD ,and (l.l.b) L ^ /u / InZ), h=H=^Hj 

for any nonoptimal code. Encoding of the object's information by the Shannon 
entropy evaluates a minimal code's length, but does not provide the code's specifics. 

Even an elementary event carries an information with a possibility that a none is 
able to accept it. If an acceptor exists, its uncertainty is compensated by the 
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carrier’s information and an interaction takes place. Two or more events can interact 
(virtually or physically) physically) transmitting and exchanging the information 
messages, one of them as an information source-generator another one as an 
information acceptor. Both a sender and an acceptor exchange the nonredundant 
information messages in terms of this approach. (This formalization does not take 
into account the existence of noises in the conununication chaimel, which requires 
the noises' compensation code to protect the initial nonredundant sender's 
information, a receiver also gets nonredundant information after excluding the 
protecting code). An object consumes information depending on its deficit that 
distinguishes the flow information from the flow of energy. An acquisition of 
information is associated with its memorizing and decreasing of uncertainty. 

A multiple generator-acceptor's communication requires a memory to store the 
nonredundant information messages. The memory's information capacity, defined 
by the information length of a nonredundant message (1.1,1.!'), enables evaluating 
a complete information of the message's instant or successive interactions for each 
generator and acceptor. The object's states are changed during their interactions, 
which can carry a trace (virtual or real) of the events as the messages of information 
exchanges from the interacting objects. 

A new object's set (after the interactions) carries the renovated information as a 
current nonreduntant message. An existence of this trace-message is an essential 
inherent constituent of any interactions, which could be used for their information 
description and the identification. The multiple events' exchanges and interactions 
have a random nature generating stochastic information processes. 

A macroscopic description of these initial stochastics by some averaged 
characteristics belongs to informational macrodynamics. 

Different material and energy's objects as particles, chemical reactions, biological 
cells, species and populations, others admit di formal information description and 
modeling by a physical analogy of the information entropy (l.T). Physical 
entropy , defined by the probabihty of the microstates' configuration (statistical 

weight] in (IT), characterizes a quality of an energy's ordering for interacting 
material objects. For example, an energy of a light is more ordered and concentrated 
compared to a heat energy. Entropy, as a measure of an object's ordering and 
randomness, has applications both in thermodynamics dsid information science. 

A change of symmetry for interacting objects symbolizes a trace-message from 
the interactions, carrying the above and other geometrical and/or physical 
" imprints " of the interactions . 

Therefore, information is a nonmaterial substance that enfolds a knowledge of the 
object's behavior in the form of shortest symbolic description with the substance's 
potential ability for exchanges during the objects' communications. 

For the object's process. Shannon's formula evaluates an instant quantity of 
information at each current moment of measurement. 

The instant events are mutually connected by a process, and even their collected 
individual quantity of information does not convey an integral quantity of 
information for a whole process. The integral object's quantity of information is 
also supposed to carry a nonredundant information message of the entire process. 
The information content of a message has a mining only for the connected 
chain of the message's symbols fonning words, phases, images, and so on. 

The evaluation of a random sequence of message symbols needs the measurement 
of the multi- dimensional correlations between symbols. This requires a full 
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dynamic correlation analysis of the message with unknown probability 
distributions. Existing correlation methods mosdy evaluate the static connections 
in linear approximations between the message symbols. 

A direct measuring of Shannon's actual quantity of information of an arbitrary 
dynamic chain presents an unsolved computational problem. 

The rehable measures of quality of information have not been developed yet. 
Media delivers a traditional information in the form of facts or news' events. 

An information acceptance of the facts-events means their a nonredundant 
reflection in a memory, which implies storing only such facts-events that are new 
and/or are associated with others in an acceptor's memory. 

An analysis of a human being's reflection and generation of information leads 
to its modeling by the nonredundant information messenger and acceptor. 

This indicates a necessity of the association and/or the comparison of incoming 
facts-events with other analogous or related facts-events (in a human memory), 
which requires a virtual evaluation of the facts-events frequentness through a 
selection of more rare and unique 'm^ormdi^oiL substances among the others. 

The evaluation needs a set of related news (for example, by looking for the 
current multiple news media or their prehistory). This also applies the Shannon's 
entropy measure to a human's evaluation of the traditional information by the 
infoimational distinction and classification of the facts-events' substances in terms 
of their uniqueness, A human receiver also compensates its internal uncertainty by 
the external message's certainty. The uncertainty's compensation is a driving force 
toward communication and the message acceptance. 

A minimization of uncertainty increases the order and organization. This minimizes 
the irreversible losses that are substantially vital for the survival of a living being. 

1.2. Information Modeling 

Information description models the interacted information flows initiated by 
different data sources that unify the distinct interdisciplinary and/or innerdisciplinary 
modeling concepts. 

Information connection includes, but is not limited to physical interactions, virtual 
connections are important, even though their space-time locations do not coincide. 

An aim of the Information Systems Modeling is to build a bridge between the 
mathematical modeling and systemic formalism with the world of information and 
information technologies to reveal the common information regularities of variety 
of modeling objects. The information modeling consists not only in the recreation 
of the fundamental processes of a real prototype, but mostly in revealing their 
information functions, reflecting a basic nature of transformation information, 
finally, with a possibility of the model's representation by a particular genetic code. 

By the transmission of such a code, the real prototype or its fundamental model 
can be copied and reconstructed. Such copying will not produce any new information 
because the quantity of information of the initial information model will remain the 
same. The model's information structure and the code, created by the unity of 
interactive information processes, constitute the model's essence, rather then the 
processes' material substance, which could have a diverse base. The final goal of 
information modeling is to expose a specific information code for each object. 

Information system modeling uses the unified information systemic approach, 
based on Informational Macrodynamics (IMD) formalism with common information 
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language and information modeling methodology, which are directiy implemented in 
the forms of algorithms and programs for the objects of a different nature in such 
areas as technology, intelligent processes, communications, biology, economics, 
management, and other physical and nonphysical systems with their mutual 
interactions, informational superimposition, and the information transferred between 
interactions. The IMD united language, terms, and systemic categories such as 
information entropy, quantity and quality of information, information flows, forces, 
and information complexity can be translated into the corresponding categories of 
energy, temperature, and other physical and/or computer analogies, and vice versa. 

This implies a significant importance of the considered information 
transformations as a source of general systemic regularities. 

The IMD joins the observation and modeling by a constructive measuring of 
current information, which evaluates both the observation and the modeling and 
leads to a direct computer implementation, and by the simultaneous solutions of 
the identification and structurization problems under the optimal control actions. 

Specific examples describe modeling of the different information processes and 
technologies such as the data communications, data classification and modeling^^ the 
computer information networks, artificial intelligence, information mechanisms of 
cognition, learning; modeling of general information mechanisms of cyclic 
evolution, the information model of macroeconomics; identification, simulation, 
optimal control, and a prognosis of complex technological objects with 
superimposing physical and information processes. The IMD is an interdisciplinary 
systemic approach with unified theoretical and computer-based methodologies for a 
system informational description and improvement. 

2. THE INFORMATION MODELING CONCEPTS 
2.1. Initial statements and starting points 

An observed object is represented by a random Marcovian process , considered as 
an initial model's microprocess. The information macrodynamics' modeling 
formalism introduces the minimax variation principle (VP) with the process' 
integral information measure, which is able to select the most probable and 
nonredundant dynamic trajectories, called the macroprocess, from the observed 
microprocess. 

The IMD entropy functional as an integral measure of the information process^ 
has a distinctive difference from traditional information approaches that use an 
entropy function. 

The integral's information measure evaluates a random chain of states by a 
function of the total chain sequence, in which a single number (for each of the 
chain connections) measures Shannon's quantity of information for the total chain 
states (Fig. 1.1). This leads to a cooperation of the chain states-symbols into a 
single collection, reducing the amount of Shannon's measure of information (for 
each of those states) that is required to store and recall the collection chain, 
ultimately compressing an initial information. 

The function^ VP's implementation creates the IMD macroequations with optimal 
control functions, applied to both the object and its macromodel, which can 
approximate the microlevel's process by the macrolevel's process with a minimal 
uncertainty. 
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Figure 1.1. The schematics of the IMD micro- and macroprocesses, optimal 
control’s action with a comparison of the Shannon's and the IMD information 
measures, and an illustration of the macroprocess' cooperation. 
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The minimization of uncertainty in the optimal macrodynamics originates an order 
from the microlevel's stochastics by the control’s action. 

The macrodynamic process is characterized by a sequence of the discrete of time- 
space extremal intervals-the segments, defined by the macroequation's solutions. 

At the beginning of each segment the macromodel is able to extract an 
information from the microlevel. The discrete renovated macrostates, satisfying a 
maximum of extracted information, are sources of the renovation and integration 
of the dynanuc process into the model's structures. The optimal integral entropy's 
measure of dynamic system leads to the symbolic modeling of different objects by a 
universal optimal information code, which unifies a variety of models' descriptions. 

2.2. The modeling mechanism 

The mechanism works in the following sequence: 

-selection of initial macrostates, chosen among most informative, nonredundant, 
and probable set of the initial microprocess' states, satisfying to minimax principle; 
-the macroprocess' start by applying of optimal control to the initial macrostates; 
-generation (by the control) of the new macrostates and adjoining them to the initial 
macrostates into the consolidating couples, satisfying the conditions of a minimal 
uncertainly for a total set , having a common integral information measure; 
-identification of the macroequation, whose initial n-dimensional eigenvalues 
determine the macromodel's initial spectrum string of the ranged information 
frequendesf as a potential of development and prognosis of macrodynamics; 

-prognosis of macromovement along each segment of the equation's solutions, 
which are successively joining at the macroprocess' discrete points (DP) according 
to the integral information measure and the minimax principle. 

Such a procedure leads to the formation of a time-space discrete-continuous 
dynamic filter, which selects and extract the most probable and nonredudant events 
at the DP, connected by a information measure, with a dynamic piece- 

vise dependency upon observed data. 

2.3. The macromodel's structure and organization 

The subsequent implementation of the VP leads to the cooperation of macrostates, 
belonging to different macromodel's dimensions and having an equal probability, 
into the sequential enclosed aggregations-W6>d!^5'. Each cooperation contributes to 
shortening of the initial macromodels' dimension n and to formation of a new 
macrostructure. This creates a ranged hierarchy of the nodes with the distinctive 
decreasing dimensions. Applying of the object's controls leads to collectivization of 
both the microlevel's stochastics and macrolevel's dynamics. The considered time- 
space distributed filter is transformed into a hierarchical structured information 
nom^dmAsni network (IN) of the enclosed macronodes (Fig. 1.2). The macrostates, 
joint into the each node at DP, should satisfy the minimum uncertainty principle, 
and the VP maximum at the DP's vicinity. Such an optimal node is formed by 
assembling of two macrostates and then adding a single macrostate to the doublet, 
that generates a triplet structure. Each new triplet is the source of the controls for 
the next triplet's integration and ordering in such a way that the total IN's nested 
structure of the triplets' macronodes is enclosed in a high level of the final triplet's 
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node of the hierarchy (Fig. 1.2). The IN's consolidated macrodynamics are generated 
by a ranged collection of the model's initial information frequencies (a chain string), 
united by the equal parameter of uncertainty y that measures their closeness. 

The IN models the transformation of the initial linear dynamic chain into a three 
dimensional space of the triplet's organization, based on the minimax principle. 

The macromodel's dynamics and geometry are connected by the VP invariants, 
which also define the curvature's parameter k of the triplet's geometrical space. 

The spatial extremal trajectory is represented by the parametric equation of a spiral- 
shaped curve on a conic triplet's surface determined by the macrodynamics 
(Figs.l.2a,b). The transition of the trajectory from one cone to another occurs at the 
DP by applying the inner controls. Each triplet has the same geometrical spiral 
structure with different time-space coordinates, but all of them depend on the main 
model's systemic parameters (n, y ,k). The geometric IN's structure is formed by 
the subsequent joining of each of the sequentially ranged triplets cones in the IN 
nodes' hierarchy. The geometry describes the bound hierarchical information 
structure as the systemic category. At the formation of the three-dimensional 
triplet's chain, arises also a multidimensional geometry of the non-joint model's 
eigenvectors within a small DP's £ -vicinity. These non-joint structures could have 
the dimensions W =5,7,9,11, and so on, depending on the triplet's number 
m = (w-1) / 2 in a total chain. The multidimensional geometry accompanies the 
regular three-dimensional triplet's geometry at a vicinity of each of the points of 
coupling of three model's eigenvectors. The toee-dimensional triplet has an optimal 
cooperative macrostructure compared to other possible cooperative dimensions in 
terms of minimal entropy productions, being spent on cooperation with a minimal 
sum of the discrete time intervals (ch. 2.3. 3.1). The constant y characterizes also 
the chain's ability for a subsequent coupling, which determines the chain's length n 
and affects the chain's length stability. Each parameter of the initial chain 

frequency's multiplication yj^(y)(yi^(y ), Y^iv)) measures the closeness of the 

initial ranged eigenvalues, depending on two local multiplicators (yi^(y),y 2 (y)) 
for each triplet's structure. As y increases from the point 0.8, the chain's stability 
is compromised. Therefore, the maximal dimension of the non-joint geometrical 
structures is determined by the actual value of y as the parameter of 
macrostructure's couphng and stability. The Information Dynamic Network with its 
Information Geometry and the corresponding time-space information field, 
determined by the VP for the entropy functional, defines a nonmaterial information 
structure that can be materialized by supplying of the necessary energy. 

Finally, the entropy functional, as a distinction of the entropy function, emerges 
as a new entropy's measure, evaluating the information structure of a system, 
generated by the VP for this functional. 

2.4. The model's controls. Joint optimal synthesis and 
model's identification 

The optimal control function is an inner model's feed-back mechanism v(x) that 
is synthesized by the coping and doubling of macrostates at the DP: x(t) : 
V = —2x(t) during the model's during the model's movement and cooperation. 
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These discrete controls are memorized and stored along with corresponding 
ordered macrostates, emerging on with each new nonredundant cooperation. 

A moment of memorization depends upon the macroprocess' prehistory for each 
segment and is determined by a probability of the microprocess' trajectory. 

The model's control and memory are the attributes driven by the VP. 

The control actually accepts an incoming information by reducing the initial 
uncertainty. In addition to the macrostate's replication, the macromodel possesses 
the "needle" controls, acting as 6 -functions (at the DP's e(o) - locahty). 

The needle control selects and connects the macrotrajectory segments, where the 
VP conditions could be violated by the production of information at o{t^ ) , which 
implements the maximum principle between the extremal's segments. 

The applied controls overcome an inertia of current movement by inserting an 
external information into the model. 

The optimal approximation of the object's random processes by the macromodel's 
dynanuc process carries out by the object's identification under the optimal control 
actions. The macrodynamics carry the basic identification equations (ch. 1.4.4). 

During the model's optimal motion, the successive state's cooperation occurs 
simultaneously with the identification of macroequations. Therefore the controls 
are instrumental for the optimal model's movement, the joint solution of the 
problems optimal synthesis, identification, and the restoration of the model's 
hierarchical structure with a renovation the model's structure at the each DP. 

Building of the optimal dynamic filter implies also the solution of optimal 
discrete (nonhnear) filtration of random process within each discrete interval . 

The structure of the IMD control system (Fig. 1.3a) is defined by the model's 
informational flows. The initial microlevel's entropy flow is delivered by the 
fluctuations / {t ) : Sj ^ ; the transformations from micro- to macrolevel create an 

internal entropy Sj . ; an external program g( t) can deliver the negentropy (or 
entropy as well)± N^\ the external control u{t) delivers the negentropy 
affecting the macrolevel through the microlevel. The instabilities ©(^) at both 
micro- and macrolevels are able to generate the negentropy . The equation of 
information balance is: S^ + S^± + =AS . The output macrostates curry 

this entropy if they are not bound by the IN. The IN's bound macrostates can carry 
the negentropy A*S^ = AS - where measures the entropy of the macrostate 
binding, which could be dehvered by the negentropy of control. The external entropy 
AS^ == tSy. + is delivered at microlevel, and then through the entropy of 

transformation SfAS^) is conveyed at macrolevel, where the entropies and 
can be generated. For the internal entropy: , and the 

external entropy AS ^ , the balance condition is AS^ = AS - AS., where the total 

entropy is fixed a constant AS{f ) = C(^’) within each discrete interval (/* ) 
satisfying the condition of local stability. 

This means, by maximizing of the microlevel's entropy we minimize the 
macrolevel's entropy within each discrete interval (t-): 
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(1.1c) max = min AS. , or A*S^ A*S. =max -AS. . 

The applied impulse control maximizes the entropy production ASff)that 
increases AS{f )by a step-wise jump at o{f) . 

Finally, the model maximizes both AS^ and ASff) according to the second law. 

The external functions / (t ) , u{t) , g{ t) can affect the system only at the discrete 
points when the IMD model becomes open for the microlevel's interactions. 

2.5. The Model's Chaotic and Quantum Phenomena 

Each discrete point is the result of joint solution of the three equations that could 
be nonlinear. Such points are singular with the possibility of all kinds of the 
Chaotic Dynamics Phenomena (CD)[1]. 

The points of the CD development are predictable by the VP invariants. 

The unification of chaotic attractors models the collectivization of both micro-and 
macrolevels that participate in forming the IN nodes' dynamics (Fig. 1.2). 

The dynamic model is renovated at the DP, where the extremals are "freely"' 
selected and stuck together by the rules related to Quantum Mechanics. At the 
model's quantum levels, the ensemble of quantum states exists as a probability of 
wave within each discrete interval, until the inner control, applied at DP, selects 
from this wave a classic state with probability P=l. This inner control transforms a 
random quantum wave into a selected deterministic state, directing and ordering the 
model's process. A reality for existence of a quantum state (not a wave) exposes 
itself only at the moment of cooperation when an elementary system arises, and 
the state's couplet can be memorized. As a contrary to thermodynamics and theory of 
dissipative structures, where order is initiated by the macroscopic action of multiple 
random particles, the IMD's quantum level is able to create the order driven by a 
single classical state, selected by the inner control and transformed at macrolevel at 
DP. Probability of this state is a unique as well as its quantitative information 
measure, which does not evaluate a set of equal probable events in this case. The 
quantum macromodel level is the carrier of a trigger effect that is an evident in the 
step-wise control action and generation of the "needle-control" as a hidden variable. 

2.6. Region of uncertainty and systemic invariants 

There exists two subregions (RS ) of the complex model eigenvalues' spectrum. 

One of them corresponds to a positive direction of time (RS+), another one to a 
negative direction (RS-). At the phase trajectories approaching the RS-h, the 
imaginary spectrum's components turn into zero (or the pure imaginary spectrum's 
component is transferred to the real one). 

At the phase trajectories approaching the RS-, the real spectrum's components turn 
into zeros. RS represents the geometrical subspace where the curvature aid 
symmetry change by a step jumping. 

Within RS-i- the real components are cooperating; moreover, the optimal procedure 
is to join by threes with the following addition of a new pair to these, which were 
cooperating before by three. 

An elementary information dynamic structure (triplet) can also be formed by the 
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ccx)peration of a real single component (from RS+) with two conjugate imaginary 
components (from RS-) at the DP's moments when these regions adjoin one to 
another. A zone of uncertainty (UR) is spreading between RS+ and RS- that is 
characterized by the invariant parameter of indeterminacy h . 

The systemic VP's invariants a, a^, and bo classify the model's trajectories 
within RS+ and RS- accordingly and define the model's operator and the DP. 

The invariant a^=/l^, = -\xi P characterizes the elementary quantity of real 

information (with probability P) for a single macrotrajectory's segment within each 
discretization interval . 

The invariant bo represents the elementary quantity of the imaginary information 
within the discrete in the RS-. 

All three invariants depend on the parameter of information accuracy y , and 
because of that are mutually dependable. 

Computation of the invariants at a local DP's equilibrium (y ==0.5) brings the 
values: s 0.7 that corresponds P =0.5, 2 , or one bit of information; 

a s 0.25, which is an equivalent of « 0.33 bits of information (accumulated in a ); 
bo s 0.575, or «0.8 bits of imaginary information. The quantity of information 
a^ is needed to join each pair of the extremal segments with the initial model's 

complex conjugated pair of eigenvalues. The optimal control transforms every 
initial complex eigenvalue into a real one at each DP, generating the equal quantity 
of information a(y ) sequentially in time. This makes a possible the subsequent 
cooperation of the information's equal real eigenvalues at some coinciding DP for 
their triple. The cooperation, restricting a potential probability of consolidating 
node, decreases its uncertainty, comparing with a noncooperative node. 

The total number of a^(y ) invariants for the n -dimensional pairs of extremal 
segments determines the model's entropy A*5 = a^(y )n . 

2.7. Compression of the incoming information 

The macrodynamic chain of assembling macrostates is transformed into the 
sequence of segments of macrodynamic trajectories; each of them accumulates a 
chain of assembling nomedundant macrostates, ultimately leading to the 
microprocess' compressed representation. Each segment is characterized by the 
dynamic measure of uncertainty in the form of the macrosystemic invariant 
^ random chain, considered along the corresponding 

macrotrajectory. The a ^-measure selects the macrostates as the most informative 
events at DP with minimum redundancies. With growing a^ (y ) (by decreasing y ) 

this dynamic measure accumulates "more randomness", possessing a higher quantity 
of dynamic information. This means, the microlevel's stochastics generate more 
dynamic order. Applying the a^ -measure corresponds to a "compression" of the 

random chain into an elementary macrounit of a minimal uncertainty. 

The microlevel's stochastization and disordering are associated with reducing 
a^(y ) (by increasing y ) at the macrolevel. With y 0, the random chain's 
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length, compressed into the same a ^-measured unit, is increased, evaluating an 

effectiveness of the "compression" at the transformation of stochastics into 
macrodynamics. These connections implement the uncertainty principle of 
minimization of the entropy at macrolevel by maximization of the entropy at 
microlevel. The minimax principle defines the driving information forces toward 
the cooperation. At the equal CO , decreasing y leads to increasing the interval , 
and the growth of y decreases this interval, reducing the effectiveness of the 
compression (at the same a^). 

Therefore the y value at a constant (O.^ measures the effectiveness of the 
transformation. Reducing by increasing y indicates the decreasing of dynamic 

information flow, characterized by the model's phase spc^ds-eigenvalues and 
generated by the microlevel, which evaluates the microlevel's stochastization. 
Generally, when both CO.^ and t. depend on y , increasing y decreases both the 

value of the elementary dynamic unit of uncertainty and the effectiveness of the 
compression. Let us evduate the effectiveness of compression at each discrete time 
interval by estimating the number of possible independent intervals within 
t. , and assuming that the a ^-segment would not integrate all by its 
measure. The number at the macrolevel depends on the microlevel's stochastics, 
but we will define it by a minimal admissible distance between the nearest 
information frequencies O).: A O). / CO. =A^.. This N. evaluates a number of 
independent events representing the microprocess within each discrete interval. 
According to [3], A CO. / CO. depends on the parameter of indeterminacy h(y ) and 

equals to A^^=137 at y 0. This brings the entropy of the independent events 

equals to (A^. )=ln 137=4. 92 (at a minimal y =0.007148). That determines the 
compression ratio at each t. equals r ^-HfN .)! 2i — > 0)s 6.431. 

2.8. The evaluation of information contributions into the 
IN*s structure 



Each extremal segment's interval t. retains a^(y) bits of the information 
entropy. The regular control brings the negentropy a(y )= a^t. for the interval t . . 

The corresponding entropy AS^ (t. ) , carried by needle control, is found from the 
following relations for the entropy production at a vicinity of DP 6t^ = o(t .) : 

dt dt ' dt 

a\ = eK^a.\J^{2 - exp 

(1.20 Jim «' = H,=- = «i)a„(y). 
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a„(y)=a'./i , =a^(y). 

dhSf t 2 

The entropy production = ( ^_i) is also a positive at ^. > 0 , as well as 

dt 

the positive entropy at t. •¥ O . A needle control connects the extremal segments by 
2 . . 

delivering bits information, which is accumulated as a chain's structural 

information. The single needle control is a physical equivalent of applying of two 

2 

regular controls that also follows from the equahty s 2a at y =0.5. 

A single control's information a is applied to a pair of the macromodel's 
dimension n that determines the control's total information equals A5' = 2a n . 
Each extremal segment's entropy a^ is compensated by the negentropy of the 

regular control a , starting from a left segment's side, and the negentropy of the 

2 2 
needle control a^ that defines the segment's balance equation a o - a - a^ s 0. 

Forming of the very first triplet, which joins three extremal segments, requires 

three starting controls (V^ = i =1,2,3) and four needle controls to 

compensate the quantity of information equals 3a^ bits, while the controls deliver 
2 . 

(3a+4a^) bits. At a local equilibrium (y =0.5), the total generated information 
2 

surplus is 3 a +5a^ - 3a^saos3a, which the triplet can accumulate and/or 

convey to a following triplet. Each next triplet contains the third segment with the 
controls from the previous triplet and the doublet, consisting of two new extremal 
segments along with two regular controls and four needle controls (Fig. 1.3b). This 

creates the information surplus from the doublet: 3a+3a^-2aosao, including 
a bits, generated by the control from the first triplet. The total quantity of 
information for each triplet's node is s a o + a =d^ and will retain the same for 

each of new formed triplet. This means, each third extremal segment of a previous 
triplet conveys the a bits of control to the doublet, performing a sequential control 
to each following doublet. The surplus 3 a s a o of each previous triplet could be 
used for generating the starting controls in the next following triplet. 

This leads to the creation of a self-controlled triplets' chain, whose starting 
controls can deliver the final triplet's surplus through the feed-back to the very first 
triplets' chain. 

The information, transformed from each previous to a following triplet, has an 
increasing value , because each following triplet encapsulates a total information 
from all previous triplets. 

The information valuelessness (as a measure of quality of information) we define 
as a code's unchangeability with other code's having the same quantity of 
information. Each triplet accumulates the same quantity of information a o , but a 
current information quantity a o of previous triplet does not evaluate the structure 
of the following triplet, because the following triplet's quantity a o does include 
the structural information from the previous triplet. 

Both triplets' equal quantities of information a o are unexchangeable. The triplet's 
sequential connections by the successful contributions of the information to each 
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following triplet bind the IN's nodes is such a way that its final node's invariant a o 
accumulates a total network's entropy having a maximum valuelessness. 

2.9. The optimal code's language 

A time-space sequence of the apphed controls, generating the doublets and triplets, 
represents a discrete control logic, which creates the IN's optimal code as a virtual 
communication language and an algorithm of a minimal program. The code is 
formed by a time-space sequence of the applied inner controls, which automatically 
fixate the ranged moments (DP) of the successive equalization of the model's phase 
speeds (eigenvalues) in the process of generation of the macromodel's spectrum. 

The equalized speeds and the corresponding macrostate's variables are memorized 
at the DPs by the optimal control actions. 

A selected sequence of the minimal nonrepeating DP defines the minimal ranged 
spectrum of eigenvalues, the corresponding initial macrostates, and the optimal 
IN's code, which determines the ranged sequence of the IN's doublets, cooperating 
sequentially into triplets. The optimal code consists of the sequence of double states, 

memorized at the DP, and each n dimensional model is encoded by n 

intervals of DP. The effective time length of the optimal code, or the total time 
interval of that code's transmission equals to the time length at the n-1 interval, 
preceding the process' completion 

K-i 

(1.2a)T=/,+ 

The n - letters from W alphabet can be used to encode the control in the units of 
the n-time interval (y ). The stable states, memorized at each DP, have the equal 

probabilities and a total entropy of the n intervals is S -nil , where each of the n 
controls applied to the n extremal pairs carries the entropy equals to 
a(y =0.5)=0.25, corresponding the macrostates' local equilibrium, with a total 

*S=2na. Thus, the total message, carried by the control's code, consists of n 
independent elementary units, and is realized only once from of the equally probable 
P -exp( W /2) communications. If we transfer this message by a sequence of L letters 
from W their total number, then the probability of the W's possible messages is 

n 

realized. This determines the optimal length of the code by L= - - ^ . 

At W=W , we obtain the control codeword's optimal length equals to 

L ^ ^ . This is the half-length of the optimal Lempel-Ziv's coding procedure 

where the information complexity is defined by that length. The triplet contains 
three t- {y) intervals, which require a minimum Ls 3 letters to encode each triplet 

and corresponds to the triplet's accumulated information equals 3a . To be able to 
convey the control information a to a following triplet, each triplet should have 
the additional fourth letter, which is also can be used to provide the code's error 
correction (ch. 1.3.2 ). This brings an analogy of the genetic DNA code where each 
triplet's is encoded by four letters that convey 64 messages. 
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The IN's triplet's digital code defines the transformation of the language' symbols 
into the IN's frequencies and serves as a genetic govemer of a total consolidation 
process of the IN's nodes. A traditional optimal length of codeword equals to 

/ = H l\nN , where H is the data source's entropy and N is the code's alphabet. 
If for the communication is chosen the IN with the entropy H-2i ^ ( 7 ) ^ 
the optimal codeword's length to encode the same N alphabet letters is 
/=a^ (y)w /InA^. In this case, the combinations of the n local a ^ -segments 
will transmit the N letters. A traditional entropy of the fl independent elements is 
H=ln n with the optimal codeword's length / =lnn I In N . 

This leads to the compression ratio ///=a^(y)w/lnAZ, where 
a ^ ( y — > 0.0 -1.0)= (0. 765 - 0. 30) is the entropy of each n Si segments. 
Because the compression ratio for the considered analogy of Lempel-Ziv's encoding 
is 0.5w / In n , the compression by the IN's a ^ -segments' encoding depends upon 

the ratio a^ (y)/0.5, which takes a maximum value equals r =0.765/0.5=1.53 

(since all a ^ -segments are connected and are non independent as the compared n 

elements). This means, the IN's local a ^ -segment's encoding is in 1.5 times more 

effective than the above Lempel-Ziv's encoding at the same conditions. Within each 
of IN's segments, the compression ratio is r =6.431, and the total 
r =6.431 • 1.53=9.839. Actually, the IN's nested structure sequentially encodes all 
its (n — 1) segments -nodes into the final n-ih segment-node. TMs increases 
significandy the effectiveness of the IN's compression. 

2.10. An initial triplet as a carrier of the macrostructure's 
genetic information 

A family of the n dimensional IN's structures can be generated by a set of the 
initial triplets with a different starting moment (at fixed n and y ). The chain of 
different structure dimensions is generated by a sequence of rotations and shifts of 
the single initial triplet (Fig.l.2f) preserving the IN invariant y . Each following 

{k +2) triplet can be obtained by changing the time-space scale of the previous k - 
triplet, or its rotation on the angle, corresponding to a new time-space interval. This 
means that the initial triplet provides information for total triplet's chain, carrying a 
genetic information about a future macrosystem organization, including the IN's 
structure and the quantity of accumulated information. The considered basic triplet 
(formed at the switching control line L, Fig. 1.2c) is a result of the consolidation of 
the initial seven strings. During the cooperative process, these 7 strings can generate 
11= 4+4+3 dimensional space-time geometry. The first two triplets can consolidate 
simultaneously with the third triplet (Fig. 1. 2d). Because of tiiat, the local time's 
coordinates in their forth dimensional time-space coincide only at the formation of a 
third triplet. The new consolidated triplet memorizes the forth dimension of the first 
pair. The upper dimensions could be wrapped into the UR. The initial triplet with 
the fours' letters code represents a source of the control and development, growing 
from the generic triplet as a "sprout" of future structure. 
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The information transformation that characterizes a relation between the code's 
letters for the following triplets is determined by two basic numbers (letters): 

y"(y)zrGj, representing the ratios of the triplet's time-space 

intervals (or its frequencies (O. I O).^^ within the spectrum), where 
a_ exp(a^(y)y°)-0.5exp(a^(y)) 
exp(a„(y)y“/y“)-0.5exp(a„(y))’ 



a a / 1 

72 = 7i (1 + 



rr-i 






yr-2a,(y)(yr-l) 

This c{n) code, numbered for each of the n initial ranged IN's symbols, is 



represented by the power of integers with (yf (/)) according to the 

formula: 

(i.3a) c(«) = y“(y)(y 2 “(y)r'\m = n / 2+i 
if n is even, and 

(l.3b) c(n) = (y“ (y))'”,m = (n - 1) / 2 

if n is odd. The above numbers determine a specific sequence of the initial four 
letters for each triplet (ch. 1.3.8). At fixed y, the triplets code's chain is 
predetermined for the total IN. Changing y modifies the code and leads to a new 
code's chain. For an unknown and/or not a common y for a total IN, the structure 
of each triplet, encoded by a particular combination of initial four letters, is unique. 
The symbol sequence, encoded by the IN structure (with a common y ), 
becomes bound in such a way that the code of a total chain is defined by 
the code of the initial (first) triplet. 

The/<9wr symbols of the IN's word sequence language are an optimal program 
that encodes a future organization of different informational macrostructures and their 
dimensions in the DSS code (ch.3.6). The IN models the transformation of initial 
linear chain into three dimensional triplet's organization, based on the variation 
minimax principle for information functional. 



2.11. Macrosystemic Complexity 



Algorithmization of the information values of the network nodes determines the 
minimal IN's spectrum of the quantities of information. The restoration of the 
hierarchy of the identified nodes yields a quantitative measure of the level of 
systemic organization, evaluated by the function of informational macrosystemic 
dynamic complexity (MC). The MC is measured by the quantity of minimal 
entropy production (transferred from microlevel), which is accumulated by both the 
IN's cooperative dynamics and geometry. For each hierarchical level k , the MC is 
defined by a total quantity of the defect of information spent on the cooperations 

i=k 

^ A/^ , related to a total increment of geometrical volume during these 

i=l 

cooperations AV^ according to formula : 
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i=k 

(1.4) MC= /Ay^ . 

A maximum of the MC complexity is reached at increasing of order and 
concentrating of cooperative macrostates into a less volume. The MC value 
evaluates an admitted level of structural organization for each IN level. MC is the 
most complete characteristic of macrosystem, defined by the parameters of the IN's 
dynamics (n ,y ) and geometry (k), which a cooperative complexity. 

A potential macrosystemic organization is enclosed into a set of the initial 
triplets, bound by the following IN's structure. The MC- complexity depends on 
both the algorithmic complexity, defined by the minimal discrete spectrum of 
quantum level, and on the mutual closeness of the nearest discretus that is evaluated 
hy h-h{y ). Macrocomplexity arises not as a simple sum of the IN's interacting 

components, but rather as their superimposing contributions accompanied by the 
creation of new information. Algorithmic complexity of the optimal trajectory, 
defined by the length of the random code sequence, is a minimal (by comparison 
with possible nonoptimal processes). Each fixed quantum of information in the 
network determines the particular node position in the macrostructure, identified by 
the quantity {h-^ (y )} of the model information spectrum. For the IN's nested 
structure, the MC-complexity of a whole cooperated system (even being defined by a 
sum of interconnected cooperating units) is less than the MC complexity of each 
part of the system (as the system's unit ). This minimal complexity is an 
information measure of the degree of cooperative structurization. The identification 
of any cooperative unit of this hierarchical structure can recover the main 
systemic parameters of a total chain. A sequence of the m = (n — V) I 2 initial 
triplets, with the growing n{y )=n and the quantity of information, is described by 
a chain of spiral structures with the geometrically similar configurations 
(Figs. 1.2,2a,b). The MC complexity of the (n -1) node is defined by the invariant 
, space speed C , and the node's geometrical space curvature , proportional 

to correspondimg information mass (ch.2.4.5): 

(1.4-) MC = TtK"" 1 128c^a„ . 

The MC of the total macrosystem is determined without using the microlevel's 
stochastics. The MC-function evaluates the complexity of the space-dynamic 
hierarchical macrostructure by optimal algorithm of minimal program. The total 
macrosystem structure can be measured by the MC's bits in the IN's digital code. 
The MC's minimal code reflects the specific sequence of the memorized 
macrostates, consolidated into the structured nodes according to the minimal IN's 
spectrum. The corresponding information flow measures the quality of information 
bound into the nested network by the enclosed macrostates' coimection, characterized 
by a nonexangeability of the nodes' cormection (with other potential cormections) 
for a certain macrostructure. Measuring degrees of disorder and of orgartization 
implies the cormection between the MC and Kolmogorov's algorithmic complexity 
(KAC). The MC's maximum is an opposite to KAC, whose maximum corresponds 
to the increase of randonmess when an ordered system is disordering. The KAC is 
applied to the stochastization of the microlevel model under control actions, 
executing the VP maximum principle. The MC's mirumal code of the particular 
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object can be used as the object's identificator and for the object's comparison. This 
property, measured by the MC-complexity, adds new space dynamic information 
quality into the algorithmic complexity. The IMD does not need a special 
comparative logical (computer) program in the form of the Turing machine's tape. 

The universal minimal IN's logical structure brings a comparative measure of 
the information content h-^ and the MC function for a particular object's IN. 

The minimal program with fixed (n , y , k) serves a genetic code for the concrete 
object. A total composite object's macrostructure can be described by a collection 
of the INs, represented by a corresponding set of a minimal programs. 

The macromodel's dynamics and geometry are related as the model's software and 
hardware. Both of them can be represented by corresponding minimal programs, 
which leads to a possibihty of their mutual transformations. 

The IMD technique is also used for evaluating the information difficulty of 
connecting the IN's nodes by measuring the function of the MC complexity . 

The MC measures the total embedded information accumulated in the IN structure 
by both dynamics and geometry and reflects the IN's information valueless and also 
the structure's information capacity. 

In the spatial distributied macromodel, the elements of information volume 
forming at DP, are characterized by the volume speed dV I dt(t ), a space velocity 



C , and the MC has the view : 

SpA{t) 



(1.5) MC= 



dV I dt{f ) 



. y=y(n,y,k), 



n-1 



where SpA{t ) = ^ ^ ! dt an increment of the total macrosystem's 

i=l 



volume y(/') , which equals the current triplet's volume at the moment t of 
cooperation. 

For the ranged eigenvalues of the macromodel operator A (ch. 1 .4.4), their sum is 
preserved within the corresponding DP being the proportional for 

SpA(t SpA(f). Because all model's eigenvalues are connected: 



~ *• ’ IN's node with eigenvalue cXn-'it 

audits current volume encapsulates the IN's total MC-compIexity. 

A direct expression of the MC via a specific attractive force (ch. 1.4.6) per a 



unit of macrostructure surface F has view: 



(1.6) MC = 



SpA 



dV I dt dV I dt 



H gradAS 






rr dSS dV - 

H cgradAS, — = cF . 

dt ^ dt 

Considering the value of MC-function at beginning of the last (n — 1) 



discrete time interval , we come to the relations 
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(1.7) MC„_i = 



dy„_i I dt 



i = n-2 



1=1 i=l 



(1.7')MC^_J - ^ ^Fn-l ” ^Pn-1^ Pn-1 ~ ^^n-1 ” ^n-1 » 



i=/i-2 







a. 

3.3 

K-1 






Jtl 



n-\ 



which connect the value of MC^_^ with the value of last cooperative space interval 
and the cone radius . It seen, the MC^_j -complexity is decreasing with 
enlarging at growing n . 

The MC defines the integrated increment of the structural information: 

(1.8) = S^-S^= m,aj,^\n , V^=V(m)/ , 



where is the number of the initial phase flows { } joined together at DP; 

Vm. is the volume of those consolidated phase flows, considered comparatively to 
the volume of a single phase flow at that moment. 

The total entropy increment is generated both by the macrodynamics, changing the 
operator (S^), and by the geometry, changing the information volume (S^) in 

process of spatial movements. If is equal to the initial triplet volume (^^3), 
then the corresponding entropy is ^ o » total entropy of the dimension n 
has view : 

(1.8') )m-ln y3(m,y ,k); / V^3 ; m^n - l)/2, 

where is the relative information volume, equals to the ratio of the total 
volume, formed during the n of the DP in the optimal movement (V^), to the 
information volume ( ), considered as the initial one. 

The gradient of the increment between a current (n) and previous (n') 
system's dimensions: 

(1.9)grad5^^ In - n'\=S^^ (n)- Sj^(n’) 

measures the degree of functional ordering in the self-organization process. 

An increasing of the MC is accompanied by an enlargement of the hierarchy and 
growing of the system dimension. 

The MC evaluates the dynamic information bound into the collective 
macrostructures, created by integrating of the individual microlevel's random 
contributions. Each of them does not directly involve into the macrodynamics. 

The MC function determines the information unity of the superimposing 
processes as a numerical indicator of the similarity of the created macrostructures. 

The objects, measured by an equal MC, are similar. The corresponding optimal 
models (OPMC) form the system of the object's interlinking processes. 

Computational complexity is defined by a minimal program length's running 
time, which is determined by the control code. 
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3. GENERAL MACROSYSTEMIC FUNCTIONS 
3.1. Systemic generalizations 

The IMD model has 6-levels of hierarchy: statistical microlevel; quantum dynamic 
level; classical dynamic macrolevel of macrotrajectories; hierarchical information 
dynamic network of the macrostructures; a possibility of creation of the second 
stochastic level as a result of chaotic dynamics; and the optimal code, accumulated 
by the IN hierarchy, dynamics, and geometry. 

IMD integrates the uncertainty of random interactions into the ordered cooperative 
structures. The sequence: Interaction, Integration, Cooperation, and Dynamics of 
Ordering, accompanied by an increase in Complexity, reflects forming the IMD 
information model. 

The IMD contains a formal mathematical and computer methodology to 
describe the transformation of random information processes (at microlevel) into 
the system dynamic processes (at macrolevel), to model the observed processes 
on the basis of both the discovery of their information dynamic regularities 
and the identification of their macrodynamic equations with restoring the 
model during the object observations. 

The IMD minimizes a gap between observation and modeling by applying the 
simultaneous solutions of the identification and structurization problems under 
optimal control actions. The system's structure is evaluated by the entropy 
functional and the MC-complexity, generated by VP for this functional. 

The hierarchy of the renovated dynamics automatically creates different ranks and 
complexities of the consolidating macromodels at each level. 

A specific form of the uncertainty functional is associated with a particular VP's 
form, which formalizes both building of the object's macromodel and revealing of 
the dynamic object's regularities. The VP's implementation creates the Lagrange- 
Hamiltonian macrodynamics of uncertainty , as an information analog of 
physical irreversible thermodynamics, reflecting both the micro-and the macro- 
level's informational regularities and connecting them to Physics. Hamilton's 
equations determine the reversible dynamic solutions within DP intervals. 

The irreversible solutions emerge out of these intervals. The macromodel interacts 
with the environment at the DP when the model is open for external influence. 

The open system does not satisfy the preservation laws at the moments of 
interaction when the external environment is able to change the model's structure. 

The macrolevel's VP function of action portrays a dynamic analog of the 
microlevel's entropy functional, which is preserved at the extremal's 
macrotrajectories and presents the Liapunov's function in the analysis of the model's 
stability. The macrodynamic's determinism defines the entropy functional's 
extremals and the conditions of the process' stability. 

A "deterministic impact" of microlevel stochastics (through the constraint) on the 
Lagrange-Hamiltonian macrodynamics changes the structure and value of the 
dynamic macromodel operator at DP. 

The model's different levels are described by joint consideration of information 
forms of stochastic equations, equations of quantum mechanics, nonlinear chaotic 
dynamics, irreversible thermodynamics, and information theory (ch. 1 .4) 
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The IMD model reflects the nonlinear structure of an object, whose dynamics and 
structure are changed in the process of functioning, with the possibility of a 
sequential adaptive control and identification at each model's time-space interval and 
the level of hierarchy. This also brings a constructive integral measure of current 
information, which evaluates both the observation and modeling and leads to direct 
computer implementation. An elementary IN's triplet carries out a systemic 
information regarding a whole system. 

The IMD categories such as information entropy, quantity of information, their 
gradients, and information mass, can be translated into the corresponding categories 
of energy, entropy, temperature, mass, pressure, chemical potential, statistical sum, 
number of states per volume (as an Avogadro's number), structural entropy, 
coefficient of ordering in phase transformation, and other physical variables, along 
with the economical and biological categories . 

The considered model includes also the functional information mechanisms of self- 
organization, mutation, adaptation, control, the double spiral's genetics with coding 
language, the system's generation, decaying, and transferring information to other 
systems along with the information mechanism of heredity and replication . 

3.2. Mutation, Diversity, and Adaptation 

Eachdeterministic discrete interval t- - O is followed by "O -random windows" 

when the model's microlevel can affect the macrolevel. During these windows the 
external perturbations introduce mutations for the model's characteristics and 
structure. The mutations deliver a positive or negative entropy into the macromodel, 
affecting its zone of uncertainty with a possibility of arising chaotic phenomena. 
The mutations can significantly change the macromodel's dynamics and structure, 
bringing instability and disorder. 

How does the random behavior of different microlevel's entities, such as 
individuals, their cooperations, and the interaction of distinct groups of subsystems 
affect the macrolevel? The above relations are the IMD fundamental peculiarities. 

The answer is based on the model's opening for the micro-macrolevel's interactions 
at the DP, where the stochastics directly affect the macrodynamics (through the 
natural border constraint). The values of macrovariables at these points x{r), 
T —'^^qo are determined by the border's value e" for the set of microvariables: 

x{t)= x(t)\qo . The macromovement, which depends on these microvariables at 

the DP, is changing, reflecting the influence of the individual random behavior on 
macrodynamics. This also affects the control action: v(t) = - 2x(r ) , transferring 
the macromovement to a renovated extremal. A random collection of individuals 
x(r)E:Q^, generating a probability P{x{r))=P (r) at the DP moment T, 
defines the local entropy h^{r) = -P(t) InP(r) , which is directly connected 
with the invariant (y)=/i^(T) at each the following pieces of the exremal's 

macromovement. Therefore, changing P{x(t)) leads to different extremal's 
movements with a new-formed parameter y for the invariant. The probabilistic 
description is associated with the existence of the uncertainty region UR with 
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uncertainty parameter h =h( y) The chaotic movement (within the UR) is sensitive 
to small changes of P(x(r)). This affects the parameter of the IN's chaotic 
attractors, leading to a possibihty of their destruction and/or instability. 

Such a situation can interrupt the sequence of the IN's node and completely destroy 
the macrodynamics, transferring the macromovement into a stochastization or into 
the random trajectories of the considered individuals. 

Adaptivity is an ability to adapt to changes that will not distort the existing 
systems. The changes can create the IN structure with new node connections that 
introduce new macrosystem qualities, which inherit the small local changes similar 
to mutation. The IMD diversity is a group characteristic of the macrosystem's 
distinctions, determined by the sum of admissible deviations D{k) of the model's 

eigenvalues a^^ = / a^^■. 

i=n 

(1.10) £)(A:)=24(yt), 

i = l 

preserving the stability of the macrosystems, operating in a conunon environment. 
For each particular macrosystem, the admissible deviations Z)(^) under 
environmental perturbations depend on the value of the specific invariant 
and are characterized by the macrosystem's adaptive potential 

i=n 

(1.11) p„,=2;4(n)- 

i = l 

The potential of adaptation defines the model's abihty to preserve the systemic 

invariants that are responsible for the mechanism of resistance to significant 
changes, which violate the model's stability and the preservation of its entropy 
functional. Within this group, such a macrosystem, which has a maximal diversity 

i = n 

of D{m)=^ a. ^{y^) , possesses a corresponding maximal adaptive potential of 

i=l 

Pmm-I\^) • This macrosystem has a maximal ability to counterbalance the 

perturbations, preserving the macrosystem's dynamics and structure. 

A maximal diversity should not violate the admissible closeness of the initial real 
eigenvalues a.^ + Aa^^to at all possible perturbations Aa.^, preserving 

the macromodel's parameters of multiplication y “ ^3o 

and the invariant a^(y ). From that follow the admissible deviations of 

t. = At. / T. , depending on y , which preserve the ability of the model's 
eigenvalues for cooperation and limit the maximal diversity. Formula 

(U2)P. - 2l(l-«,V -ll.= 2la,:i, a,; - Aa„ /«„ 

1=1 i=l 

* . . * 

restricts the limitations on a-^ by the admissible t- , providing the model's diversity 
at the triplet's forming. 
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depends upon number of triplets m = — ^ — according to the approximation 
(1.13) l/3m, y =0.5 . 

The P^ represents the quantitative estimation of stability of the minimal code that 

increases with growing n and decreasing y . The equal probable signs and values 

* 

of perturbations lead to a nonsymmetrical limitation on the function a.^ (y ) at 
♦ 

the equal ± y . and creates the nonsymmetry during the adaptive process under 
the random perturbations with a tendency toward decreasing y . This fact leads 
finally to an increase of the negentropy production and shows a trend to an 
automatic selection of the mutations, minimizing system's uncertainty, which are 
favorable to improve the system's functioning. During the O -window of the 
apphed control, when model is open for the environmental interactions, the external 
perturbations could cohere with the roicrolevel randomness. 

The mutations, generated by the coherent frequencies, are more powerful, 
comparing with others within the window. Such a coherence creates a kind of 
cooperation between the external and internal model's processes. The model's 
process, generated by the optimal control, "attracts" some elements of external 
fluctuations by selecting such of them, which fits to the mode's characteristics. 

This reflects an adaptive feed-back that is able to direct the mutations beneficial 
for the model's processes and to provide a directed evolution. 

The considered adaptive feed-back is a characteristic of the model microlev el's 
interactions with the environment that is distinctive from the adaptive potential, 
which acts at the model's macrolevel. This provides an increase in the negentropy 
production and shows a self-organization's trend and automatic improvement under 
mutations. The adaptive system counterbalances the external perturbations during its 
lifetime until it is able to generate the compensating negentropy. The average 
amount of adaptive potential (1.13), generates an information capacity equals to 
« 33% of the quantity of information accumulated by each triplet. A triplet's non- 
redundant quantity of the accumulated information is bits, which requires a not 

more than three letters of the DSS code. 

The information "surplus", corresponding to the 33% capacity of adaptive potential, 
brings one more letter to non-redundant three letters of the optimal DSS code. 
According to the model's mechanism, the apphed control can provide the fourth 
letter to the initial minimal three triplet's letters. 

Existence of the adaptive IN's capacity creates a model's potential redundancy 
(PR), which is automatically added to the initial non-redundant IN simultaneously 
with a nonsymmetrical adaptive compensation. The PR leads to an ability to 
correct errors under the admissible perturbations, which provides the model's error 
correction mechanism to the IN and its DSS code. The PR minimizes the error of 
accepted external information. The adaptive error correction preserves an internal 
IN's nonredundancy for a reflected information. 

The environmental interactions and exchanges occur at the geometrical boundary 
surface (BMS) of the macrosystem (MS) (Fig. 1.4a). The BMS is determined by the 
values of model's geometrical coordinates, for which the MS is an open information 
system. A stability assumes a balance between the BMS's source of negentropy and 
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Figure 1 .4: c)-the different forms (a-f) of the information key-lock connections. 
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the external entropy. Such a coordination is executed along all IN's BMSs with 
some distributions of the dynamic operator's A (^) -eigenvalues spectrum. 

A diversity of the external environment creates an essential variety of the BMS's 
forms (Fig. 1.4b, c) with different A (^) -space distributions, which are supposed to 
compensate for the environmental influence. A lack of such variety or lack of some 
noncompensated values of this spectrum brings instability. The MS's discrete 
eigenvalues spectrum determines the allocation of the BMS's A (e) with some 

discrete spatial interval 5 / and the space curvature, defined by the model's dynamic 
invariants. The entropy at the BMS is proportional to the entropy density and the 
value of the BMS square F. Assuming a fixed entropy density for the maximal 
6 1( y 0)=0.372 =const, we may determine the maximal elementary BMS square 

(6 F) for each triplet: d ¥=JC3l4(d l)^ . The total square for all BMSs with (n-l)/2 
triplets is equal to F(y 0.32(n-l)/2. That F is close to the value of the 

adaptation potential (1.13), providing a maximal contact between the external 

mutations and the adaptive model's resistance. An intrinsic macrodynamic geometry 
reveals its new role as a source of the memorized defect of dynamic information at 
the formation of the macrostructure and as an attribute of adaptation. 

3.3. The macroprocess' evolution 

The cooperative process, generated by the VP for entropy functional, is 
characterized by the starting and ending probability's values: and P^ accordingly, 

where P^ is a probability of the initial information spectrum-string, which is 
undergoing the successive cooperation, and P^ is the probability measure of the 
final cooperative unit. For the optimal cooperative process, both probabilities are 
estimated by the formula \ where m is the number of cooperating unit 

m = (n - 1) / 2 for the initial dimension n of the information string. Therefore, 
the above information structure can be characterized by the entropy increment 
S = -(InP^ - InP^), where for a completely cooperating unit we have m-\ 

aodP^^l. This brings =1 as a measure of the known situation, used as a 

starting (zero) point for calculating S =-lnP^ according to formula 
S = -lnm \m = (w-l)/2. The cooperative process is governed by applying 

controls, which deliver the corresponding negentropy N = \nm ^ . At a huge 
number n of the initial dimension, we get iS — > oo and N . 

The macromodel evolves toward a minimal y ^0 during the process of 

adaptation, that satisfies the minimax uncertainty principle and a growth P^ under 

mutations. The evolution increases the number n=W of consolidated subsystems. 
With increasing y — > 1 the n is decreasing. 

The consolidation process, preserving invariant , develops along the line of 
switching controls (simulated on Fig. 1.5a) at the RS+ geometrical locahty. 
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Figure 1.6. Simulation of the double spiral cone structure at switching control line: 

1 -Surface of Uncertainty Zone (UR) surrounding the hyperbola 2, representing the 
line of switching control; 3, 4-the double spirals on the UR surface; a). -a view 
from the top;b).-a front view; c).-an isometric view, d).-a view from the right side. 
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The macrosystem can evolve along this line at a constant entropy of + S^ if 
the internal entropy (S.>0) is compensated by an external negentropy (S^<0), 
dehveredfrom the environment. Until the entropy production is positive, the time 

direction is also positive, and the entropy is a real . The irreversible states create 
the systemic order. Another character of the macrodynamics takes place along the 
switching line at a geometrical locality (RS-) of macromovement with an imaginary 

time of jt = t - and at the imaginary entropy S . The movement along this 
line preserves the invariant , but the second law as well as any real physical law 
is not fulfilled. The ratio of the above entropies: 

S‘" 

(1.14) — = y(l + /i) 

is determined by the specific values of parameter y — that depends upon 

maximal admissible accuracy of computation the entropy: 

h-h^ = — = 1 / 137 « 0. 0072 . From which we get 

h'’ 

(1.15) y" = 7^0007148. 

l + h 

At y 0 the movement approaches the uncertainty zone UR. At the allocation 
of the total macromodel's spectrum within the UR, each DP's moment of 
uncoupling the process correlations and the intervals between them, including the 
last one, turn to zero with a maximal uncertainty of h-^ I . 

This leads to the UR's macrosystemic complexity approaching infinity. 

The first triplet accumulates the macrocomplexity of the total IN and transfers it to 
the minimal DSS code. 

The states, located at the UR border, are the most informative. 

The macrosystem, which satisfies an information law, is an adaptive and self- 
controlled. The controlled macroprocess Jr(^), after a complete cooperation is 
transformed into one-dimensional consolidated process that is approaching the final 
state with a finite phase speed. 

The model cannot reach the zero final state with X„(t)=X„(t)= 0 . 

A periodical process arises as a result of alternating the movements with opposite 

x(t A 

values of two relative phase speeds — — , it =1,2 and under the control 

^n(K.k) 

switching. There could exist such a moment Iq > where initial eigenvalues for a 

new model are formed with a possibility of repeating the cooperative process. This 
leads to a cyclic macromodel functioning (Fig. 1.5b) when the state integration 
alternates with the state disintegration. The system decays after ending the 
consolidations and initiating the periodical movements. An indicator of doubling 
bifurcations O determines the condition of repeating the cyclic process, where O 
is determined by the former model's local invariants and the new-formed uncertainty 
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parameter Yo ■ 

(1.16) 0=JT /3(— y„ln2)‘‘ . 

a 

At 0, the O is evaluated by Feigenbaum's constant in the process of 

transferring order into stochastization [1,3]- The coupling of two macrostates with 
the opposite entropies at the final interval , n), generates a new macrosystem 

("daughter"), which "inherits" the "parents" genetics, accumulated in the transferred 
invariants (y , n ). This is an essential part of the IMD evolution dynamics. 

The transformation of the imaginary into the real information and vice versa occurs 
during dissipative fluctuations at the end of the "parents" process and the beginning 
of the "daughter's" generation. 

The macrostates, memorized at the macromodel's final interval are the carriers 

of the total IN's organization, enclosed sequentially into the IN's nested structure. 
Along with that the model's double spiral genetics can be transferred. Thus, 

during the evolutionary process, the possibility exists of transformation of the final 
probability P^=l into some by the end cooperative process, when theaheady 

produced structure is decomposed, sending-off the DSS information genetic code (as 
a blueprint) to form a new generation of macrostructure. The above transformation 
is performed by the control code, which is enclosed into the DSS genetics. 

The DSS' entropy code, providing an asymmetry for the final initially symmetrical 
structure (at m =1), contributes to the structure's disintegration. 

The further mutations are able to change the new macrosystem's characteristics in 
the adaptation process. The time of the macrosystem decay is increasing with 
A.T 

growing accuracy £ ^ = — v^n+o) reaching the given final state. The model's 
X 

lifetime (1.2a) depends on the macromodel's sensitivity to the state derivations £ * , 
which is defined by the macrosystem dimension e * « exp(-n) (at y =0.5). At the 

fixed £ * , the environment generates random initial eigenvalues at the beginning of 
the cycle through the mutation. Therefore, the model cannot precisely repeat both 
the cycle's time and its amplitude. Since the law of increasing entropy is not 
violated, each of the following cycles has a tendency of fading and chaotization of 
the periodical processes. The model of the cyclic functioning includes the generator 
of random parameters that renovates the macromodel characteristics and peculiarities . 

The model's adaptive potential increases under the actions of the random generator 
even if the randomness carries a positive entropy. 

Such an adaptive, repeating, self-organizing process is the evolutionary cycle. 
Two mutual controllable processes (initiating the cycle) should be nonconsolidated 
at the moment of the cycle renewing. The interactive process, which initiates the 
cycle, may belong to different macromodels with the nearest, possible nonidentical 
parameters (£ * ,y ), providing their common function and generating a new 
consolidating macromodel. The above conditions for the existence of the adaptation 
potential and the model's cyclic renewing impose a limitation on the minimal 
adnussible macromodel's diversity. Each macrosystem dimension n is characterized 
by a proper optimal code and the universal mechanism of the code formation. 
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This coding life program encapsulates all essential information about a given 
macrosystem, including its hierarchical structure organization and a possibility of 
the restoration of the initial system macrostructure. The existence of such a 
universal mechanism of the code transformation allows communications to open 
between interacting macrosystems. The macrosystem that is able to continue its life 
process by renewing the cycle, has to transfer its coding life program into the new 
generated macrosystems and provide their secured mutual functioning. 

A specific information unit of this program = 0) -Cp defines a 

channel capacity , which measures the maximal quantity of information at the 

model's extremal and incorporates the initial model's parameters and positive time 
course, carrying the second law. An imaginary information equivalent is a potential 
source of these substances. At the RS- ”->RS+ transformation, the positive time 
that can create systemic cooperation starts. A genetic code can reproduce the encoded 
macrosystem by: decoding the final IN's node with a specific IN reproduction, and 
decoding the specific position of each node within the IN structure. An association 
of INs with different (n, y ) can mutually interact as a system, creating the 
negentropy-entropy exchanges between them analogous to a crossover. Their ranged 
frequencies turn out to be wrapped up in each other changing the subsystem's 
invariants and inner codes. The corresponding subsets of minimal programs, 

representing the system, can communicate (by Cp{y^)) using a common code 
language, generated by the unified parameters {y° ,n) according to the relations : 

i 

where *S., a^ypAZ. are the local entropy and subsystem invariants, , a^,y^,n^ 

are the total entropy and invariants of the unified system. 

The external subsystems, with distinct invariants and multiple interactions can 
provide more diversity and adaptivity to the unified system. 

According to Gabriel Dover [2]: ^Hhe central feature of evolution is one of 
tolerance and cooperation between interacting genes and between organisms 
and their environment,.. Genes are born to cooperate.'^ 

Evolutionary dynamics are created by the entropy production at the DP's vicinities. 

3.4. Robustness, selection, competition, cooperation, and 
self-organization 

The ability of a macrosystem to counterbalance the perturbations, preserving both 
stabihty and adaptivity characterizes the macrosystemic robustness. 

The macrosystem with a growing dimension has longer discrete intervals, and 
therefore possesses more robustness. 

The increase of adaptive potential with a growing dimension, following from (1. 13), 
has a limit defined by the condition of non coincidence of the nearest eigenvalues 

with which leads to changing the macrosystem's dimension. 

Growing the diversity leads to two options: 

1 -uncoupling the macrostate connections between triplets and/or doublets, which is 
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limited by admissible time deviations of switching controls S 

* 

The limitation is ^ a.^ . Within this limitation, the adaptive potential provides 

a robustness to the control code, managing these connections; 

2- changing the macromodel's dimension by decreasing a distance between the 
nearest eigenvalues a. ^ or by augmenting the additional independent 

eigenvalues 

* * 

The ratio of the considered thresholds m = ^ on y , taking the 

values m {y = 0.1) =3, m* {y = 0.5) = 4, m*(y 1) =7. 

This means that the creation of a new dimension requires from 3 - to 7 times more 

deviation from the initial eigenvalues than is necessary to change the robustness of 

* 

the adaptive code. Each of these thresholds decreases with growing y , but 
dechnes at faster rate. 

The adaptive macromodel, whose adaptive potential is able to compensate the 
* 

admissible , can preserve both the robustness and the dimension within a limited 

diversity according to the relation ^ (Y ^0*8). 

The macromodel's states should be selected and ranged in the process of the 
macrosystem's movement for cooperation under the control's action. To be selected 
and assembled each macrostate competes for cooperation, which is able to minimize 
their joint entropy productions and maximize the stability. The cooperative forces 
join only such macrostates, which are the nearest within the information spectrum 
and with minimal distances, corresponding to a maximal force's value for each 
attraction. The cooperative macrostates generate the ranged sequence of cooperative 
dynamic macrosystemic units (triplets, doublets) for their future aggregations. These 
units should also be selected and ranged in the dynamics of the IN formation. 

A selection of such units takes place, which form the stable aggregation (node), 
fulfilling the balance conditions, which satisfy the unification of "antagonistic" 
complementary components of the unit, creating the unit's harmony. 

Unstable units and/or aggregations decay and disappear. The nodes, joining the 
triplet's macrounits, form a stable subsystem because the cooperation binds the 
negentropy surplus of one node with the entropy surplus of another node 
minimizing the accumulated entropy production. 

A single node with a negentropy surplus tends to decay. 

A single triplet could also be a source of negentropy for subsequent cooperation 
with other triplets, forming a sequence of the nested mutually useful hierarchical 
aggregations of subsystems, which preserve stability and the negentropy production. 

The node's spectrum defines the number of cooperating triplets in the IN's 
structure, evaluated by the MC. 

The MC-function is an attribute and a measure of total macrosystem structure in a 
joint process of competition-selection -cooperation. 

Let's find a ntinimal dimension , which is able to generate both controls for a 

single triplet in an equilibrium (y^ = 0.5). A triplet needs the quantity of 
information 3a +5a^ s 3a^+4a , while producing the surplus a^+as 4a, where 




36 



Variation Principle 



( 7i = 0. 5) s 0.69, a( = 0. 5) s 0.25 . Each three triplets, having dimension 

7, can generate the quantity of information 3 a^+2a (Fig. 1.3b). 

The needed information surplus at the 7-th node: a^ +a is acquired by coimecting 

this node to the 8-th extremal segment. This brings additional quantity a according 

2 

to the balance equation: 2a +a^ - a^ =a, where a is generated by the 8-th 

control, applied to the 7-th node, the needle control joins the 7-the and 8-th extremal 

2 

segments by providing the quantity a^ to the 8-th segment. Thus n^=S is the 

macromodel's minimal dimension that is able to produce a single triplet dimension 

2 

3 by generating the equivalent quantities: 3a+4a^=3a+3a^ . 

We come to a chain of the self-productive subsystems dimensions 8 and 3. 

A sequential adjoining a new generated triplet to the 8-th dimensional subsystem 
not only successively increases the chain dimension, but also creates the progressive 
growth of the dimensions, increasing gradually from the 8 dimensional subsystems 
by attracting the generated them triplets from each subsystem's location. These self- 
generated system's chains spread and expand gradually hke a spider's web. 

The maximal admissible dimension of the macromodel enables the cooperative 

attraction is found from n^ = / y^, where the value y^ limits the 

macromodel's decaying, and each y interval evaluates a minimal increment of 
dimension Suppose this y^« 0.007148 corresponds to the minimal 

^n The value of y^ also determines a macromodel's sensitiveness to 
perturbations at the possible deviations y outside of discrete interval t . . 

At y ^ « 2.2 the discrete interval's ratio tj defines the repeating then- 

sequence and the macromodel's impossibility for further cooperation. 

Using the above values we get n^ s 308. 

For the macrosystem, operating an equilibrium (y =0.5), the minimal admissible 
relative distance between the nearest eigenvalues belonging to different dimensions 
is hi « 0. 025 (for E « 0. 975) that corresponds to y ^ « 0.0244 and determines 
the maximal realistic dimension, potentially crated in the equilibrium, that is equal 
nl « 90 with the triplet's number ml =46. 

The adaptive mechanism, included in the cycle with its nonsymmetrical potential, 
can deliver a positive negentropy of mutations, selected from external fluctuations. 

This leads toward the decreasing of y — > 0 and a possibility of a growing 
dimension of n =n{ y ) , accompanied by increasing the MC-complexity. So, each 
cycle may deliver a positive feed-back, carrying the system's improvement and 
acceleration of the reproductive process. This creates the macromodel's self- 
organization as a tendency of the macrounits with a negentropy surplus toward an 
automatic formation of the macrostructure. The mutations, delivering an external 
negentropy, are a source of the surplus of negentropy for the self -organization. 

There exists a crucial limit of complexity that gives the start to the jump-wise 
changing of the systemic characteristics creating the negentropy production 
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necessary for the self-organization. Renewing of macromoders lifetime depends on 
its ability for the self-organization. The initiation of the macrounit's self- 
organization is possible starting from some minimal dimension in the phase space 
(n>8), which contributes an additional (to nonstable dynamics) source of space 
negentropy and the self -organization. A total space entropy, generated by m 
triplets, according to (1.8), decreases while the triplets' volume V{m) increases, 
related to a single phase volume . Simulation reveals the increase with the 
rise of dimensions n and then the decrease it, changing the sign by approaching 

n<18, y <0.55. acquires the most negative values at the greatest dimensions 
(n>50). In these cases, the number of information states, defining the informational 
volume V{ri), increases faster than the rise of the entropy in the macrodynamic 
process. So, the negentropy, generated at n=50, y =0.522 is enough to compensate 
for the total entropy that is necessary to form a single triplet: *53^=0.684 
(y =0.522)* 3=2.052. A maximal relative volume V* = V{fi) I Vfn^) of a 
macrounit (related to the initial macrounit volume VfnJ) is growing ^ 10 times 

while forming each new triplet. The =V(n = 7) I “1) “ 

determines the macrounit's volume ratio, which is necessary for starting the process 
of self-organization. A maximal volume corresponding to the most "active" units is 

characterized by the negentropy maximum (at y 10 "^ ). 

Therefore, the simulated self-organization is possible at the dimensions n ^ 50. 
The mutations, even if they are able to change the IN's code, can create only a 
discrete set of the model's macrostructures, capable for the consolidations. 

This means that not all of the possible n -dimensional macromodels with an 
arbitrary initial operator's spectrum can initially even to exist. The IN's 
consolidating macrostructure permits only a selected, limited set of the 
macromodel's, defined by the admissible values of the parameter of multiplication of 

the operator's eigenvalues y“(y),for y G(0,0.8] to exist. 

Computer simulation of the model's adaptive self-organizing process shows that at 
small n, a number of neighboring subsystems with a similar complexity does exist. 

With growing n, the number of close-complex neighboring subsystems decreases 
sharply. The MC defines the degree of the macrosystem organization and the 
resulting entropy increment that is able to overcome a crucial limit of complexity, 
creating self -organization. As the MC-complexity increased, the gap between the 
dynamic and geometrical properties of the nearest subsystems increased radically. 

The informational "individuality" of the subsystem is continually supported, as 
"further" away (in terms of the classification complexity) as this subsystem is 
located from the neighbor subsystems. Such distance has a limit, defined by a 
nunimal stable parameter y , and maximal n, which correspond to the dynamic 
equilibrium between the system and its environment. 

The condition of self-organization is fulfilled at the optimal ratio of the above 
systems dimension n/ =1. 14. In particular, at n=60, n^ =52 corresponds to the 
generation of the subsystem of minimal dimension An=n^=S, which is capable 
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for starting the self-organization. 

The considered minimal macrounit's volume ratio determines a threshold or 
starting the process of self-organization. The conditions of cooperation, self- 
organization (at the formation of a macrosystem), and a macrosystem's stability (to 
resists the environmental perturbations and to battle for survival) impose an 
essential limit on the diversity of all possible macrosystems. 

A macrosystem, that possesses a negentropy maximum (at y = 0 ), is most 
"active" for self-organization. This model's y = 0 can only be approached, but not 
reached, because (as it was shown) the complexity of such a system becomes equal 
to 00 . This means an impossibility of the complete elimination of the uncertainty 
of any macrosystem. Moreover, because each macrostate is wrapped in the 
uncertainly zone, none of the macrostates can be measured with zero error. 

The IN's code and its language contain the intrinsic uncertain errors as an ability 
to convey a bound information macrostructure, which imposes the limitations on 
the language correctness. 

The model's nonsymmetry and self-organization are a motivating power of 
evolution, whose moving evolutionary force is defined by the equality 
(1.18) grades = -dAS I dy >0, 

where AS is an increment of S^^<0 during each considered evolutionary cycle. 

A time-space sequence of the cycles defines the evolution's direction. Because the 
natural macrostructures are distributed in space, ordering and self- organization are 
possible for a natural system and process without violating the second law. 

The value of minimal attracting forces can be evaluated by the local value of 
function macrosystemic complexity MC^_^ at the final interval of consolidation 

The limit on maximal dimension n^ imposes the restriction on minimal 
value of attracting force enables maintain the cooperation. This limit is computed 
by knowing = t^m_^ and (y ). An initial triplet of any n-dimensional model, 

which accumulates maximum information from all n-dimensional macrostructure, 
has a maximal value of MC -function. This triplet is a carrier of a total 
macrostructure dimension, parameter y , and, therefore, is a messenger of the 
system's minimal algorithm. 

Finally, the macromodel attributes are: complexity; structural stability; adaptivity; 
robustness, evolution, and self-organization; the macrounit's joint mechanism of 
selection, competition, cooperation; the limited lifetime of existence the ordered 
processes; the generation of new peculiarities in renewing the periodical process by 
the end of the cooperation and ordering; the possibility of generating macromodels 
and systemic structures by transferring the model's code during the evolutionary 
cycle that creates systemic novelties. 

The condition (1.9) as an indicator of extensive negentropy 's self-reproduction in 
the evolutionary cycle, with the above attributes and the property of the MC 
complexity of cooperative structure, constitutes an informational definition of Life. 

G.Chaitin's mathematical definition of Life [4,5]: " A living being is a unity; it is 
much simpler to view it as a whole than as a sum of parts..." is a component of the 
above informational definition. 
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3.5. The transformation of imaginary into real information, 
connection to Quantum Mechanics and Evolution 

The structuring of random information into an information dynamic network IN, 
with a zone of imaginary and real information, opens the possibility of their mutual 
transformation (as a mind into a matter, and vice versa). The transformation occurs 
at the model's quantum levels, where the ensemble of quantum states as a 
probability wave, exists within each discrete interval until the inner control, applied 
at DP, selects from this wave a classic state with probability P=l. This means, the 
inner control is able to transform a random quantum wave into a selected 
deterministic state, directing and ordering the model's process. A reality for the 
existence of a quantum state (not a wave) exposes itself only at the moment of 
cooperation when an elementary system arises, and the couplet state can be 
memorized. Actually, at the DP, when mutations affect the system, the control 
makes a directed choice between different external possibilities and all possible 
random (quantum) paths, guiding the future selections by the nonsymmetry of 
adaptive potential. At the quantum level, information comes from quantum 
interactions, integrated by the uncertainty functional. The quantum constant h 
characterizes an uncertainty at the transformation of the imaginary b ^ =1 I into 

the real elementary's information (at an imaginary time ). Such 

transformations occur at each current DP( t ) where quantum phenomena take place. 

The model's quantum states (the eigenvalues) at {t -o), by the end of the 
movement on the particular extremal piece, represent a quantum superposition of 
two possible equal probable imaginary states ±j^{t-o). After the 

transformation, the model's states describe the possible real classical states ± (x{t), 

which arise after the interaction of the quantum states ±jP(t - o) with the apphed 
control. At each DP, the quantum state, undetectable within the discrete interval, 
emerges as a classical irreversible state. Their sequence makes a chain of the 
classical states' path, which implements the path functional approach. This 
functional connects the chain's states in such a way that the probability to create the 
total chain is greater than the probabihty to create the each chain's states, considered 
independently. Such a connection, with the even numbers of the imaginary 
eigenvalues (which correspond to the model's real parameters), transforms each pair 
of imaginary eigenvalues into a single real eigenv^ue that leads to a decrease of the 
model's entropy. This implements the model's minimal uncertainty principle at the 
quantum level. Emerging a new quantum state is a result of the maximum of 
uncertainty at the DP (with a very small probability). 

Considering the control as a superposition of two possible quantum states (±1), 
we may expect four possible real states after the transformation. But we get only 
two of them, because for each two quantum states only one possibility is realized. 

The quantum uncertainty does not provide an information which one of the 
classic states ± cx{t ) is exacdy created. Because only one of them corresponds to 
the cooperation of three eigenvalues into a triplet, there is a free chance that the total 
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IN, or its part, and even a single triplet would not be completed. Such a situation 
takes place with the quantum interaction and the applied a quantum control. 

If each forming IN's node has a feed-back on the applying control, for example, by 
reversing the control sign at DP, then it leads to the self-control process of the 
triplet's cooperation, which is able to complete the IN's formation up to the node 
that possesses a self- control's quality. If the interaction at each DP involves not a 
single quantum element of the model and the quantum control, but rather includes 
the multiparticle interactions from both sides, we come to classical random 
interactions, which also can work with a self-control for each IN's node. The 
macromodel' poor imaginary initial eigenvalues Im Aj 2 = ± j can be transformed 

into the real eigenvalues by the imaginary control's feedback V = -2Xj{t^ , 
applied at some initial moment [3]. Following the connection to QM, each of 
these eigenvalues ± j corresponds the pair of wave functions 

= exp (^),^2 = A set of imaginary events, described by the 

wave functions, have a non observed probabilistic tendency P =\q)^ + ^ 2 ^^ that is 
transformed into a real observed event at a point of their intersection. 

This point defines the start of the real time and space coordinates when physical 
information can arise from the initial distribution of imaginary information. 

The considered transformation T is actually applied at the initial imaginary 

moment to=jt* =0 when the start of a positive jtt or a negative jt* imaginary 
time course is possible. The positive time direction symbolizes coming up to a real 
time start, when at tt -Jt ! 3 both initial imaginary eigenvalues acquire the real 
value Re Aj 2 = = 0- 547 , and Im Aj 2 = 0 • At = In 2 , 

the transformation T acquires an unlimited negative value. At a small 6 -vicinity 
of jtt =ln 2 ± 6 , the transformation acquires a jump- wise form, which determines 
the generation of an unlimited influx of both the negentropy A*S = jt*T(Jt^) and 

the negentropy production H{jt^ ) . The observed real time-space point (tt , It) 
defines the set of real events with the real eigenvalues and physical information 
starting within the zone, while the set (jtt = 0,1mA . 2 = ±j) defines the 

R zone with the imaginary information production. This means, the R zone 
with a poor imaginary entropy production = ±y is able to generate the infinite 

negentropy production at 4^=-yTn2, which, at the coming up real time 
tt =JC / 3 (« 1. 048), leads to starting the real entropy production = 0.547, the 

real time course > 0, the real space with a starting space point , and a real 

space curvature. The VP generates both the applied controls and the information 
analog of Shrodinger's equation [3]. Thus, the imaginary time could be a source of 
the real space-time structure. The above consideration introduces a fragment of the 
nonequilibrium QM's formalism with the generation of entropy production and an 
asymmetry of the future and past times. 
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These results are a consequence of the conformal reflection (ch. 1.4.8) of the initial 
imaginary information on the curved shape, where the imaginary information is 
transformed into the real information at the moment of a "collapse "(reduction) of the 
wave function, associated with interactions, superposition, and cooperation. 

The collapse is accompanied by arising a diffusion and an indeterminism. 

The approach can resolve the quantum paradox [6] between the deterministic 
Schrodinger’s equation and an irreversible collapse of the wave function during a 
measurement process. The cooperation, which minimizes a local entropy 
production, is a motivation that causes to the above transformations. 

The transformation could even be performed by an imaginary observer (sensor) 
during an imaginary time. 

The question is: Can a real information be transformed into a material substance? 
The real information starts at >0, and the real substance is associated with the 
real mass, generated by the space curvature. The information mass (ch. 1.4.5) is 
generated during a total increment of real time and a speed C ^ : 

m^ = 4?^ C^ I Jt in the process of the macrostate's cooperation, acting as the 
macrosystem's cooperative characteristic. Therefore the cooperative information 
mass can arise only after the real time-space starts at 0 <t^ ^ t , where f is a 

moment of the initiative cooperation of two or more macrostates. As soon as this 
cooperation creates the real mass, it is associated with the corresponding curvature, 
energy , and a material substance. At the border of imaginary and real zones, the 

interacting information masses: m”, m^, separated by the equal distances 
/ = /^ / 2 , are attracted according to the formula for information force (ch. 1.4.6), 
acting on the border of imaginary and real information zones: 
m~m^ n * 

(1.19)F;=Gr-^.G,-=8c^b,a. 



where is the information constant of the attraction hy m , defined by the 
macrosystemic invariants. Considering the information force, attracting an 



imaginary information mass m 
analogous formula 



by a real information mass we get the 



(1.20) = g; 



m m" . 8c^ . 

— T“ v , Cji = — T” b ^ a 

(C) 



with the corresponding information constant Gf. 

The ratio of G^ / , where at the border we have h 0 with the 

minimal admissible uncertainty = 0 . 0072 . 

Therefore the information attraction, acting from the imaginary zone is in 

s 5.184 • 10 ^ times weaker than the attraction, acting from the real zone (at 
other equal conditions). The invariant a can be defined through the QM wave 

functions q)( r) at each discrete interval T by the relations 
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(1.21) a^=- InP, ?={(p{x) * where a=F(a„) . 

This estabhshes the connection between the information cooperative forces and the 
QM. Let's compare the information attraction, acting within real zone, with the 
information attraction, acting from the real zone on an imaginary information 

mass. The information constant wi thin the real zone is = 8c a and the ratio of 
iG^-h ^ , where at the border the minimal admissible y ^ s 0.007148 

and sln2. Thus the ratio is evaluated by G^ / G^ s 4 . 955*10 This 

means, the attraction of an imaginary mass at the border is approximately in five 
thousand times weaker than the attraction of real mass acting within the real zone. 

The above results estimate the information "difficulties" of crossing the barrier 
between the real and imaginary information in the process of their mutual 
transformation. The zone's border carries a hidden information resistance to such 
transformations, which is not a symmetrical. The nonsymmetry of crossing the 

border depends on the square of the parameter of uncertainty . 

The information resistance arises even within the real zone in the process of 
applying the optimal control V = - 2 .:\:( t ) , which overcomes an inertia of current 
macromovement x(t) by inverting this movement at each discrete moment T . 

At this moment, the control generates the elementary quantity of real information 
a,which is necessary to overcome the resistance of a real macromovement. 

The control that can overcome an inertia of the imaginary macromovement should 

carry the elementary quantity of information b ^ . The controls, overcoming the 

resistance, renovate the macrosytem's states creating a new information. 

The creation is a result of the control's execution of the optimal criteria, expressed 
by the initial information functional as a macrosystem's "desire -motivation" to 
maximize the dehvered information by the macrostate's renovation. 

Therefore, the initial negentropy , essential for the process' starting, could be 
dehvered by the transformation of the imaginary into the real information. 

3.6. Information structure of the control mechanisms of 
the cyclic evolution 

Along the line of switching controls (L^ ) the sequence of cones (Figs.l.6,1.6A, 2) 

arises forming the cooperative macrostructure in the consohdating process of mutual 
interaction of the IN's subsystems. The consolidated process is described by the 
segments of the extremal trajectories, located on the surfaces of these cones. 

The cones are stuck together at the DP's localities (DPL) forming the local UR ani 
modeled by chaotic attractors. 

The consolidated trajectory x{t ) , as the macrostate's carrier, has a single 
dimension for both linear and phase trajectories and is described by the equation 

(1.22) X(t) = a + V(0) ; (1.22a), v{t,)=^2x(t,) 

where v(t^) are the optimal controls, applied at the DP by doubling the 

macrostates x(t ^ ) . By applying the control at each at t^ and moments, the 
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equation ( 1 .22) acquires view 

(1.23) Jc(t,)= -a(t,Xx(Q ) ; (1.23a) Jc(t,^^) = a‘(t,^iXx(tiJ) , 

where is the VP invariant. The trajectory consists of the sequential 

segments with the alternating opposite signs of the information speed cx\t-) . Each 
control (1.22a) also alternates, doubling sequentially the macrostates from the 
equation (1.23) or (1.23a). The control, governing the macrostate doubling at the t. 

moment, has been applied before that moment comes. This is possible by a 
simultaneous existence of two complementary mutually controlling processes 
during each : one of them (1.22a), another one has opposite sign of (x{tf) \ 

(1.22b) i:(l) = -a‘(t^){x{t) + v{t^)) . 

Let us consider it. Instead of using the time coordinate, the analogous solutions of 
these equations can be considered along the opposite spiral's linear directions: +/ and 
-/ (corresponding cx\l^) ,-a {If} accordingly): 

(1.24) i(/) = a\l,){x{l) + v(/J ) , I = Ct, a = aC ~" ; 

(1.23a);c(/) = -a'(/,)(^(/) + v(g). 

where C is the process's linear speed. The control's macrostate - 2x(/. ) , 
governing the equation (1.23), are prepared during the interval — and applied, 
starting the point (/. -d). The control's macrostate + 2x{\), governing the 
equation (1.23a), are prepared during the interval /. ^ and applied, starting the point 
(-/. +(?), Fig. 1.7. This means both complimentary trajectory's segments 

mutually control each other alternatively switching process from equation (1.23) to 
equation (1.23a) and vice versa. Using the positive and negative time directions for 
same consideration will not introduce the complimentary processes, because of the 
nonequivalence of these directions in the IMD irreversible equations. By inverting 
the / -line directions of these linear chains we preserve the same positive time course 
for both comphmentary processes. Such self-forming controls and the initiated them 
corresponding segments of macrotrajectories are mutually complementary, producing 
the rephcated macrostates. The d{l^) = (7. and 6{-lf) = -O^ localities of each /. 

and - /■ accordingly correspond to the UR existence at DPL. Because of that, the 

considered regular controls v(/.) , v(-/.) generate automatically also the 

"needle" 6 (v^) controls, applied simultaneously to each of the equations (1.23), 

(1.23a) and vice versa. The needle controls secure a correct direction of the extremal 
pieces and the corresponding cones' spirals, providing a structural process's stability 
along the cone sequence. 

The complimentary processes can be generated by the interaction of the two 
considered operator's eigenvalues at the last interval ) . 

The spatial trajectory's segments, corresponding the considered complimentary 
processes, are represented by the cone's spirals of the opposite directions forming the 
information double spiral structure DSS. The DSS^ right directional (R) and the 
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Figure 1.6A. Simulation of the double spiral cone' geometr)' DSS at the switching 
control line (Fig. 1.2): a). -the UR's geometry with the external shape at a 

vicinity of the switching control's line; b)-the space geometry and the volume V” 
of the double spiral lines with the Z)*S'5' code c[/] . 
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Figure 1.7. Information structure of double spiral DSS : a).Self-controlling 
processes located on opposite spiral's cones, t^ng into account the delay rf 

applying controls: 6(^) and 6(^), formed by a UR or a spiral’s shift; b). DSS 

structure obtained from a) with the code c[x(/,)] generated by each of the spiral 
pieces. 
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left directional (L) spirals could locate on the same L cone's sequence. The DSS' 
linear structure is a carrier of both doubling macrostates x(t ^ ) and corresponding 
them controls, which generate the considered IN's code. The control's action consists 
of generating the code sequence initiated at each (/. -o), (-/. + o) simultaneously 
by the two spiral's complimentary segments. The specific code depends on the 
current location along the L, which corresponds to the different IN's triplets. At 
the locality of each cone's vertex, both spirals generate the macrostate's code word 
c[x{li)] (witha^ information measure), which transfers both v(/.) and6v(/. ). 

The DSS code is created by the superimposing processes of different 
dimensions that are not located on the line. The controls, generated by DSS 

code, can initiate these processes. The DSS can be used for both the generation of 
the control code and for encoding the renovated double spiral macrostates. 

To start the generation of DSS code, only the initial control impulse is needed. 
The DSS geometrical structure is determined by the cone radius vector p. , the 

angle at the cone vertex , the angle of spiral rotation g). , and the spatial angle 

^.between the nearest cone's spirals (Fig. 1.2b). All these parameters are the 

functions of VP invariants (ch.2.3.2), because the spatial cone trajectories are the 
geometrical representations of the VP extremals. For example at y =0.5, the 

parameters are : (p.=;r, « JT / 6 , ^5.73;r, p.=/. / :r. The IN's set of the 

total model's cones allocates a geometrical volume with an external surface 

(Fig.l.6e). Let's find the structure, which is formed by the set of the 
model's switching control lines , located inside and on the surface of the 

uncertainty zone UR, as the model's boundaries (Fig. 1.4). The macromodel is open 
for the environmental interactions only at these lines. 

The set is determined by the admissible errors E{£.) X L(/. (t.)) at the 

region of assembling the triple's cones. Each cone's E(e.) - region forms a circle 

area that is orthogonal to the cone's vertex having a line-projections { } of the 

surface F ^ . The time-space region L(/^ )) between each of the following E( 

cone's region limits the UR's boundaries jointly with the above lines. 

The external shape of each elementary UR's boundaries (£^ X /. ) forms a cell 

Ui X l^. ] of a quadrilateral curved shape (Fig. 1.6e). The total F” is composed by 

the cell's set of L-strips limited by the UR boundaries. As it was shown [3], 
such cellular forms enable the sequential enlargement of the cell's structures in the 
process of the model's cooperation with the preservation of the squares' forms of 
growing cells. The L-strips enfold the model's double spiral structure (DSS) that 
carries the model's genetic information and can transfer it to a "new bom 

macromodel". That's why the F" cells carry the DSS code c[l. ], which memorizes 
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not only the cone's structure of the inner macromodel's volume but also the 

macromodel's total external shape , where the exchanges of information with the 
environment take place. Through this shape, specifying the BSS' form (ch. 1.3.2), 
the external mutations could affect the DSS direcdy. A new generated DSS is able 
to restore the shape of the L-strips with their inner volumes and sequentially stick 
together the corresponding region's segments according to the inherited parents' DSS 
structure. The DSS code is formed by a time-space sequence of the applied inner 
controls, which automatically fix the ranged moments (DP) of a successive 
equalization of the model's phase speeds (eigenvalues) in the process of generating 
the macromodel's spectrum. The equalized speeds and the corresponding them 
macrostate variables are memorized at the DP during the system's functioning. 

A selected sequence of the minimal non repeating DPs defines the minimal ranged 
spectrum of eigenvalues {A-^ = a.^ + the corresponding initial 

macrostates, and the minimal DSS code, which determines the ranged sequence of 
the IN's duplets, cooperating sequentially into the triplets. 

Let's consider, for example, the minimal three letters of the DSS triplet code ABC, 
whose different permutations can generate the alphabet of 27 letters: a,b,c,d,eT,... 

The applied control doubles the macrostates that creates the chain of opposite, 
"antagonistic" triplets, encoding the DSS' complimentary letters. The cooperative 
connections bind the complimentary triplets of the IN's double spiral structure, 
which, for example, encodes the DSS' letters BA, CB. Among all possible 
connections between the DSS letters, the cooperation of triplets, which curry the 
distant letters AC, CA, creates a potential error -'12% (at y =0.5). 

This limits the admissible sequence of the DSS code, which could be inherited in 
the process of adaptive selected evolution. 

For the DSS double spiral structure, each main triplet's triple can supply each 
complementary triplet with a necessary control's information (or vice versa) 
according to ch. 1.2.8. This means, the first complimentary triplet could get 3a from 
the first triplet of main chain that is necessary to generate the starting control for 
the complimentary chain. The following triplets in the main chain can exchange 
their surpluses widi the corresponding complimentary triplets. 

The above alternating interconnected complimentary structure creates a mutual 
control, which forms and sustains both the DSS cooperating chains. The applied 
model's impulse controls are able to bind or to dissolve the complementary chains. 

Applying the controls (at the DP's moments of binding the complimentary DSS 
structures) opens an access to the uncertainty zone (UR) at the model's quantum and 
random levels. Through the mutation, this access can change the sequence of the 
DSS' code letters and the alphabet word-letters, which carry the model's inherited 
information. The (y ) bits of structural information bind the DSS' code letters 
within each triple. Shifting y changes the minimal DSS' code and can generate a 
new alphabet. For a given macromodel with a fixed y it leads to an error. 

Potentially this shift can generate a new macromodel with a divergent IN's 
dynamic and geometrical structures. The IN's triplet's digital code is carried by the 
macromodel's double spiral chain DSS (Fig. 1.7), as a DNA's analogy, which defmes 
the transformation of the language' symbols into the IN's frequencies. 
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As an alternative to the experimental DNA discovery, the double chain and its 
coding language accomphsh the IMD mathematical model. 

If the code has had a zero error, the variety of biosystems would not exist. 

The developed control device [3] implements the creation of the alternating regular 
and needle discrete controls. 

The IN's consolidating macrostructure permits only a selected limited set of the 
macromodels, capable for a future cooperation. Each IN's dimension n is 
characterized by a proper DSS code and the universal mecharusm of the code 
formation. This coding life program encapsulates all essential information about a 
given macrosystem including IN's hierarchical structure organization and a 
possibility of restoration of initial system macrostructure. The network generates a 
universal information code as a general genetic govemer of any optimal 
information macrostructure. The DSS code is a formal model's attribute that does 
not depend on the object's specifics. The conditions of cooperation, self-organization 
(at forming of a macrosystem), and a macrosystem's stability (to resists the 
environmental perturbations and to battle for survival) impose an essentially limit 
on the diversity of all possible macrosystems. 

A most "active" macrosystem is characterized by the negentropy maximum (at 
y = 0), which indeed, can not be reached, because (as it was shown) the 
complexity of such system becomes equal oo . It is possible only to approach this 
state with y — > 0 . This means an impossibility of complete eliminating of 
uncertainty of any macrosystem. Moreover, because each macrostates is wrapped in 
the uncertainly zone, none of the macrostates can be measured with a zero error. 

The IN's code and its language contain the intrinsic uncertain errors as an ability to 
convey a bound information macrostructure, which imposes the limitations on the 
language correctness. The IN is a flexible structure that is able to perform multi- 
tasking functions. The DSS' generated cyclic renovation of the initial information 
string describes a universal mechanism of evolution of information for any 
optimal macrostructures. Depending on the input string's frequencies, the IN can 
establish different configurations and flexible connections with other existing INs. 
The DSS code is able to predict the space-time locations of the IN's nodes and their 
mutual connections, which are set up in the process of the IN's creation and could 
be changed in the current IN's spatial dynamics. For example, the sequence of string 
frequencies couldbedehveredby some sensory system. The reaction on the sensory 
system may generate a specific IN with a feed-back. Changing the sensory 
information could produce a new IN or make connections with other IN (within the 
general model structure) using them for performing new sensory functions and the 
feed-backs. A human brain has an analogous mechanism of multi-tasking functions. 
Let's consider the IN's goal as a sensory awareness of the IN's final node (to be 
formed) regarding the execution of a total IN's logic, wrapped up into the DSS 
model's genetics. Then the self-controlling IN acts to execute a particular goal as a 
model of free will. A human cognition, perception, and decision making, which are 
not separated from understanding and controlling of the performed actions by a 
consciousness, are associated with an uncertainty and a free will. It's an important 
aspect is the transformation of imaginary information (like non-thinking thought in 
a memory) into a reality, with a possibility of crossing a "border" between them. 

The quantum and classical models of the self-controlled IN have an application in 
understanding human cognition and Artificial Intelligence. There are ie scientific 
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evidences that a quantum electromagnetic field, generated by the brain's neurons, can 
affect the neuron performance in a self-controlled process as human consciousness. 

Information functional integrates the random evolutionary processes, accumulating 
a many years' experience of the interactive phenomena in Nature by the 
macrodynamics' regularities. Considering direcdy the macrolevel's model, created by 
the evolutionary sequence of microlevel's statistics, we can avoid their long-term 
experience of accumulating the regularities. 

In this process, we could come to a given state by the different paths. 

The IMD demonstrates an umeachable determinism for any macrostate and 
macrostructure. The MD formalism connects the evolution of systems structure, 
cooperation, complexity, adaptation, self-organization, and diversity into the united 
information cyclic process of system's functioning and recreation. 

3.7. Mechanism of assembling the node's frequencies and 
automatic selection 

The IN models a mechanism of assembling the initial information frequencies into 
the doublets and triples, encoding their couplet combinations by the IN's code. 

The primary cooperative structure is a doublet. Adding a single component to the 
doublet creates a triplet. The assembling mechanism forms a zone of key-lock 
connections by applying the needle controls at DP (Fig. 1.8a) and generates the 
chaotic attractors by interfering the frequency components of the doublet or triplet 
within this zone. The basin of cooperative chaotic attractor is able to "capture" the 
augmented nodes. A minimal optimal number of these attractors is equal 2, 3, or 7 . 

The dynamic movement of each frequency-code toward cooperation is modeled by 
the spiral on the IN's cone (Figs. 1.8a,b) in the spatial dynamics. 

Applying the needle control at the DP changes impulsively the control's sign 
needed for the doublet's cooperation at the DP. 

This means, each previous state controls each following state, involving in the 
consolidation process, building a self -controlling process. In the IN's geometry, this 
is associated with the formation of the opposite directional orthogonal cones within 
the zone (for the doublet) (Fig. 1.8b). The superimposing frequencies interfere in a 
common base of the opposite cones, initiating the chaotic dynamics, which 
synchronize both frequencies. The chaotic attractor models the IN's cooperative node. 
The consolidation dynamics are governed by the optimal control, which copies, 
doublicates, and memorizes the macrostate'sat DPs. According to IMD formalism, 
the ensemble of the model's equal probable macrostates, generated by random initial 
conditions, is transferring on a random ensemble of the model's microstates at the 
DP's locality. By applying the optimal control at DP, the IMD model selects the 
most informative and the equal probable microstates as new macrostates, working 
as a discrete filter at each DP's locality within a given model's dimension. By 
duplicating and copying, both the regular and needle controls deliver the addition^ 
macrostates toward the cooperation. They should compete for the subsequent 
selection and cooperation with the set of the random states, brought by the 
microlevel. The cooperated macrostates, formed by the ensemble of equal probable 
states, carry the assembling frequencies, which represent a new model's dimension. 
The macromodel automatically works as an error correction mechanism at each DP's 
locality, selecting among all interfering frequencies the most probable ones and 
memorizing their resulting chaotic attractor as the node. The selected synchronized 
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Figure 1 .8: a). An elementary schema of assembling a pair of frequencies, encoded 
into the spot-node (sn) by applying both regular (vl,v2) and impulse controls 
(5v 1, 6v2) with a schematic location of the corresponding cone's 1, 2 spirals and 
their initial frequencies fl,f2; cd-chaotic dynamics, created by the superimposing 
f 1 /2 with the chaotic attractor ca; 

b). The variations of states at DP brought by : the initial frequencies fl, f2, controls 
V 1 , v2, the microlevel's mic , and the external influences fe , which create the 
multiple node's spots snl, sn2, sn3,.. 
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Figure 1.8: c,d).The schematics of the communication process between the 
assembling nodes: 1-the cone’ spirals, 2-the sequence of the communicating cone's 
cross sections ^ pieces of the cone’s spirals 3 on them: 

a) -the nodes with the macrostates’ of the equal signs; 

b) -the nodes with the macrostales’ of the opposite signs. 
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frequency maximizes contribution from the competing neighboring frequencies, 
affecting the cooperation. After the cooperation, the model enables the error 
correction at a new dimension. The resulting dynamic node has an appropriate cone 
geometry (Fig. 1.8b), which is characterized the cone sizes, defining its length, and 
the direction. Within the IN's geometrical structure, the vertex of this cone forms a 
specific limited spotted area that encodes the cone's location. The cone's vertex 
actually "sharpens" the selected common synchronized movement into the node's 
spot. The process of filtering and selecting of the synchronized frequencies, is 
accompanied not only by the influence of the random microlevel's ensemble. At 
each DP, the enviromnental influence brings the external random perturbations on 
the macrolevel's ensemble. Applying both the regular and needle controls 
contributes to multiplying the competing copies. Each DP opens a gate where the 
random microlevel and external perturbations may affect the macrolevel, bringing 
together the six ensembles: two from each macrostates, delivered for cooperation, 
two copies of each these ensembles, carried by the control's duplication, the 
ensemble of microstates, and an ensemble of external perturbations. This essentially 
multiplies the number of possible frequencies for subsequent cooperation, creating a 
geometrical ensemble of the opposite cones and the spirals on them (Fig. 1.8b), 
which opens a possibility of forming different combinations of assembling 
frequencies and multiplying the number of the node's spots. But not all possibilities 
could be accomplished, because of existing the limited differences on these 
frequencies, defined as the model's admissible cooperative gate . The selected 
competing frequencies should be able to overcome an admissible threshold, as the 
gate's border. The nonovercoming frequencies make the random competing 
variations . If the cooperation is not accompanied by the presence of the microlevel's 
ensemble (when only four of macro-ensembles are interfering), the assembling 
frequencies would be renovated only by applying controls. The influence of the 
microlevel's states would add new properties to this a primary cooperative 
ensemble, increasing the number of different states for subsequent cooperation. The 
error correction mechanism will select a certain renovated maximal probable 
ensemble of macrostates among the five of considered ensembles. The survived 
frequencies, which have passed through the threshold gate, or theirs interfering 
combinations (attracting ones from different neighboring DPs) can bring the new 
encoded combinations, multiplying the number of assembling frequencies. 

The influence of external perturbations on the cooperation can bring at first, the 
additional changes in the joint assembling macrostates, and second, increases the 
number of multiplying nodes, satisfying both the admissible threshold and the error 
filtering. This can generate the additional node's spots, which are not predictable by 
the initial input. Applying both the regular and needle controls contributes to the 
reproduction of the competing copies that increase the effectiveness of the selective 
process. This finally creates a local evolution process at each DP's locality, which 
brings the multiple variations and renovations to the states, competing for 
cooperation, and selects such of them-successful that survive under both the limited 
threshold gate and the error filtering. 

The evolution generates a creativity in reflection the external information, which 
is automatically memorized in the multiple renovated node' spot. Copying in digital 
code, which is the base of the IN's coding language, significantly contributes to the 
selection's effectiveness, comparing with possible analogous processes. The IN's 
triplet's digital code is carried by the macromodel's double spiral chain (Fig. 1.6). 
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The sequential interaction of the IN's information frequencies binds the initial 
code's symbols into the enclosed coding string in a such way that each following 
node includes the inner code of each previous node. The find IN's node binds all 
initial encoded symbols, accumulating a total network's nonreduntant information. 

This means, knowing the final node opens a possibility for disclosing a total chain 
of initial symbols. The impulse 6 -control (Fig. 1.8c) connects the transmitter's and 
receptor's nodes and initiates the signal's propagation, transmitted between them. 

This is associated with adding a macrostate (carried by the control) to transmitting 
node at the moment of transmission, and removing it after the transmission occurs. 

On the receptor's node, the propagation's and control's action initiates adding its 
macrostate to the current macrostate, which indicates the occurrence of the 
transmission, and releasing the macrostate after the propagation occurs. A piece of 
specific spiral on the cone's surface is a signal's carrier at each fixed moment. 

The d -control serves only as a messenger, which does not carry these pieces, but 
rather induces the formation of the corresponding macrostate-piece by the receptor. 
During the time of communication, a total spiral's form signal, initiated by the 
transmitter, is reproduced by the receptor. This signal carries the IN's inner code of 
the primary message. Therefore, each particular spiral's piece on the cone's surface's 
cross section also carries the current code's symbol. Each code word corresponds to 
some IN's frequency. The spiral curve (as the macroprocess' space representation), 
transfers this transmitter's frequency to the receptor's frequency. The 6 -control's 
process' space representation, which is modeled by the considered conjugated 
nonlinear oscillations (Fig. 1.8c), connects these frequencies, but does not carry the 
spiral pieces. Specifically, the fist part of the 6 -control's impulse adds the 

- 2x(t) to a current macrostate+ x(x) of transmitting node that forms a virtual 
macrostate - x{x + O I 2) \ the second part brings the +2x(x + o) to the 

- x(r + 0 I 2) that brings the new macrostate x{t + o) to the receptor's node. 
This means actually applying a virtual regular the control 

- x(t) - x(t + o)=-2x{t) between the nodes. If the macrostates of the 
conununicated nodes both have opposite signs (+ - x(x ) , - + x(t + o)) at the 
moment of cooperation (T,T + 0) , then the actual regular control 

- 2x(r) s -x{t) - x(r + o) performs the same function. On the Figs.l.8c,d are 
shown both cases. For the nodes with the macrostates of equal signs (Fig. 1.8c), the 
controls are both -2x(r) at {r,r + ol2) and 2x(r + o) at 
(t + o/ 2, T+o), or the corresponding -v{x{r)) + v{-x(r)) and 
v(— x(t + t?)) — v{x{t + o)) , applied to the cones I-IIa. For the nodes with the 
macrostates of opposite signs (Fig.l.8d), the control is -2x{t), applied at the 
moment + O I 2) , the corresponding cones are I and Ilb. 

The considered nonhnear oscillations v(l,t) of opposite directions, connecting the 
nodes at the singular point (chaotic attractor ca), are generated by a factual nonlinear 
form of the control function v(x) (which approximates the discrete controls) 
Figs.l.8c,d. The control also menages the propagation's tunnel's size, connecting 
the nodes geometrical form, which memorizes the transmitting macrostate by the 
key-lock connection after the cooperation. Synchronization of each of cooperating 
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nodes stimulates a sequential synchronous resonance's excitation of a total network, 
accompanied by a wave, propagating with some velocity. A possibility of self- 
exciting synchronization exists by overcoming a threshold of mutual re-excitation, 
by analogy with an ensemble of nonlinear oscillators. A sequence of the self- 
assembling INs can be involved in this self-organizing process. This means, that a 
whole assembling synchronized process, accompanied by the IN's node's 
cooperation, growing their dimensions, generating the controls, and the different 
IN's connections, can be governed by the of considered evolutionary cycle. 

The environment may affect any of these key-lock connections at any of the DP's 
discrete moments of time. The ensembles can grow under both the direct 
competition and better surviving. A sensory to memorizing depends upon the 
threshold of the resonance's excitation for the adjacent nodes. 

The IN's identifies each node by a particular quantity of information and evaluates 
the path to this node by the information functional's measure. This brings an 
information measure of a selective novelty for each node and their assemblies. The 
corresponding attractors are nonredundant, enable of capturing the informational 
distinctive patterns. A selective informational search, competition, cognition, and 
recognition are very effective. An automatic introduction of co mm on information 
measure (during the evolution) occurs by fixing the intervals between the 

resonances and the coherent frequencies CO. , which define the information invariant 
a(y)=?i CO. as an elementary quantity information. Selecting the two or three 
intervals with equal a(y), the equal and decreasing will not only preserve 

their common information measure, but also choose of the more informative 
macrostates. A sequential memorizing them as a single new node automatically 
forms the IN of nonreduntant nodes. The moments t. with synchronized frequencies 

(O^ define an information code of evolutionary development. The selective process 

is governed by the controls, self-generated in the evolution. The asymmetry of the 
adaptive potential is accompanied by an adding the informativeness of the selecting 
nodes (by input an negentropy) along with increasing the macrosystemic stability, 
enlarging , and growing the macrocomplexity. The automatic selection works 

among the resonance's (assembhng) nodes competing for a limited area space. 

The preference would be automatically given to such ones, which are able to 
occupy this area. All others will be excluded. 

The automatic selection works in the following sequence: 

-fixing all resonance nodes with their coinciding frequencies (O- and the time 
distances t . ; 

-fixing among these nodes such ones that mutually resonate with higher frequencies 
compared to ones in the primary resonance's; 

-fixing these secondary resonated (assembling) frequencies cOj with their time 
distances . 

The invariant a(y ) is the same for all of these nodes : (Dj T^.=a(y t- , but 
(0j>(0 . , and therefore , which shortens their corresponding space distance. 
This leads to an automatic surviving of the nodes with higher superimposing 
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frequencies, which provide a higher negentropy production, associated with a higher 
novelty for the assembling nodes. A primary DSS' four letter's code defines y that 

can predict future a(y ) with , (Dj . The communications between the DSS code 

and the generated assembling mechanism create a feed-back that controls also a 
recognition of the external semantic structures. The frequency of letters' sounds 
(jofxf) that carries the time correlations is preserved by connecting of the 

extremal's segments according to relations A. (t^ = \ which correspond 

(DfXj) = (D^{Xj) and rfXj) = r^{Xj). The evolutionary mechanism of 

competition and selection brings automatically both the common information 
measure and the grows of the novelty of selected nodes. The common information 
scale leads to a common evaluation of the different node's (logical) combinations 
for their comparison and choosing of the less redimdant. 

3.8. The cyclic model's information mechanisms 

The cyclic model's information mechanisms (Fig. 1.9) include: 

-the system's macrodynamics (MS), defined by the model's operator 

A{t,x{t),v) {ch.lAA) that is governed by the inherited double spiral 

structure ; 

-the control replication mechanism REl that transforms the DSS^ code into given 
initial controls and delivers as the MS's input programmable controls; 

-the IN, formed in the process of the macrostates' cooperation and macromodel's 
renovation that generates a renovated DSS\, where the renovated model's IN 
depends on the parameter y , which detennines the invariants a(y ) and the current 
triplet's number; 

-the mechanism of mutations MT, delivering the external perturbations on the total 
system; 

-the adaptation and the self-organizing mechanisms AS, stimulated by the MT, 
which generates the G fluctuations ^ (for the DSS), the mutations can bring a 
crossover; the current value of adaptive potential depends on the IN's triplet's 
number); 

-the replication control mechanism RE2, which selects the macrostates x(t ) at DP 

t , forms the current control v{t)=— 2x(t )by the duplication of x{t ) providing 
the current feed-back control's functions for MS and AS; RE2 also transforms the 
control code into the renovated DSS ; 

-the coupling of two macrostates CP that carry both parent's DSS I and DSS 2 
invariants; 

- the generation of the stochastic dissipative fluctuations SDF after coupling, while 
forming new macrosystemic invariants (y^,n^) that define a new DSS^, 

initiating the new MS and IN, which are able to renovate the AS under the MT in 
process of functioning (a previous inherited code minimizes a possible SDF set, 
generating a new code); 
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Figure 1.9. The functional schema of the evolutionary informational mechanisms. 
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-repeating the whole cycle after coupling and transferring the inherited invariants to a 
new generated macrosystem. 

According to the cyclic mechanism, the selective process occurs before forming a 
new DSSl (with the spectrum), under the DSS^ control. By the end of the 

cooperations of the previous initial spectrum { }, the chaotic dynamics generate a 

random spectrum of possible carrying also the DSSl parameters. This 

brings a random influence on the transition information from both "parent's" DSS2 
{a.^} and the DSSl {cx^^} spectrums to the selected "children" DSSo spectrum 

{a^^}. The {o:.^}, {cx.^y components try to attract such components of the random 
spectrum which would be closed to them. 

This cooperation generates a "child" DSSo information spectrum {(X^fy under the 
control of both DSSl and DSS2 spectrums, imposing the limitations on the 
transition the information from {oc.^} to {oL^fy. 

The optimal controls, initiated the cooperation, being applied to the initial 
spectrum, duplicate the initial macrostates. These copies possess errors (as an 
attribute of the UR existence) that lead to an increase of the diversity of the limited 

{(X^^y spectrum, needed for subsequent effective competition. So, a limited 

information, delivered to is compensated by the control's copying process. 

The quantity of information, created by the end of cooperations, which was 
decreased by the limitations, finally would be delivered to the "children" DSS^ by 
generating a diversity of {(X°fy that is restricted, compared to a potential diversity 

of {(X.fy. Each of such transformations will not decrease a total diversity of the next 

generation, preserving the MC-complexity within each reproductive cycle with a 
fixed macrosystem dimension. 

The considered information mechanisms are formal and not dependable on physics, 
biology, and specific material implementation. 

This means the general systemic regularities and the unified functional 
informational mechanisms of evolution do exist. Moreover, the mechanism's 
regularities are expressed in an invariant information form as the universal code. The 
IMD software packet has simulated the main mechanisms of the evolutionary cycle. 

3.8. Examples of the DSS' codes 

Each triplet's in the IN's structure can be encoded, as a minimum, by the sequence of 
three IN string's symbols , which are preserved for a total IN's chain. 

For example at y = 0.5, the symbols are aj^=3.011, a2^=1.35918, 
CX^t =077301 , characterized by the following sequence of the triplet IN's ratios: 

y 12 “ ^ y ^2t ^ ^3^=17583. 
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Let us encode the above sequence (Xy ^ , a2^, a 3^ by a subsequence of the alphabet's 
letters: ABC, whose ratios have the same values of the 7^3. The triplet, 
encoded by the subsequence BCA, has the different ratios: y^3=1.7583, 
y^j=0.2667, and the subsequences CAB, BAC have the ratios: y^j=0.2667, 

Y 12=2.2155 and y^j=0.451365, y {^3=3.8955 accordingly. Actually to specify the 
very first letter of the code, the correct sequence of the ratios needs one more 
symbol, for example (3.011, 2.2155, 1.7583) for the code ABC. 

Moiq general code's structure is where identifies the ordinal 

number of the first letter (among the chosen and ranged alphabet's letters) whose 
ratios are used for the i,k coding sequence. 

For example, the above codes have the following general structure: ABC: 
(l,y"2,y2")>BCA: (2,y2",y3" ), CAB: (3, y3", y"^), and so on. 

Therefore, each sequence of the alphabet's letters of triplet's code can be represented 
by the corresponding sequence of the IN string's symbols or their ratios. The vice 
versa is also correct: any sequence of the IN's string can be encoded by the 
subsequence of the chosen alphabet's letters, and each triplet can be encoded by a 
minimum of three letters of this alphabet. The repeating m = nil sequence of ^s 
code describes the sequential IN's model of the independent m -triplets. 

The sequence of the enclosed triplet's codes represents the IN's nested structure. 

The initial string's symbols describe the object's specifics and can be found by the 
object's identification procedure, which could also classify the different objects in 
terms of their basic parameters (n,y ,k) (representing the object's information 
functional). 

For a given IN with a fixed (n, y ,k), each triplet has the same three letter's code, 
but the microlevel's influences and mutations, which affect the parameters (n, y ,k), 
are able to modify the code of following triplets. 

This leads to diverse combinations of the code's letters, generating an evolving 
DSS chain, which encodes the variations of the object's characteristics. 

The fourth letter-symbol of the IN's fixed triplet's code carries the repeating ratio of 
the triplet's letters, for example =0.34891, that brings the same ratio 

Y 34 ^ ^ 3 t ^ <^4^=2.2155 as Y \2 has. This fourth letter compensates the possible 
code's errors, contributing the adaptation potential. Under the mutations, this letter 
brings new ratio to the code sequence, which together with the ratio y identifies 

the code ratios y ^3 , Y 34 for n new modified triplet. This letter-symbols also serves 

as a bridge to each next triplet's code. Each triplet's code is responsible for 
generation of the three superimposing processes, and created them the cross- 
phenomena. 

The fixed IN's DSS encodes the n such processes, ranged by the a. ^values of the 

string, which forms a real "solid" macrostructure with m = n/2 cross-phenomena, 
sequentially enclosed each other. 
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The DSS can also encode the triplets' sequence belonging to distinct fixed INs that 
brings a variety of the macrostructures widi different basic parameters. Such a DSS 
code is not predetermined by the code of first triplet. 

The four letters of this extended DSS code would have more combinations in an 
expanded long sequence. 

Example of the technological object's code 

The solidification modeling of casting processes [3] along with NT-IMD equations 
and the identified basic parameters (n=8, y =0.3, k=6) reveals the following DSS 
code for one of the particular IN's of the superimposing processes: (1, 2.366832, 
1.798496). The DSS code for other related solidification model with basic 
parameters (n=8, y =0.1,k=6) is (1, 2.460668, 1.82039755). 

The above examples show a possibility to develop a universal code's structure for 
variety of systems models. 

3.10. An evaluation of maximum information delivered 
from environment 

E. Schrodinger [7], analyzing physical (dynamical, statistical, and quantum 
regularities) , chemical (organic and neorganic), different biological, and information 
processes of a living organism, came to conclusion that the organism is feeding by 
negentropy, as a measure of ordering, deriving the order from an order. 

The IMD reveals that this principle is applicable to human intellectuality as a 
measure not only of the mutual cognition and learning, but also the satisfaction and 
stability [27-29]. This implies understanding of a human existence in terms of 
extracting a maximum information from the environment. 

The question is: How many the external information a human being is able to 
extract from the environment? 

The information can be obtained only by decreasing the negentropy of 
environmental energy. An existing level of environmental negentropy defines a 

total information that human being can potentially get from the environment. Any 
attempt to extract this information requires some expense of energy, which would 
decrease the initial potential level of environment^ negentropy to N. A human 
being can extract the quantity of information - A^=I where 

corresponds to a zero decreasing of the quality of environmental energy, N is a 
current level of the environmental negentropy, I is the acquiring quantity of 
information. A maximal extracted quantity information is determined by a 

minimum potential level of environmental negentropy A^^^ . The negentropy 
extraction may continue until approaches to the negentropy of human body 
. All further negentropy's extraction would deliver the negentropy from human 
body to environment. This means, the equation must satisfy. There are 

different evaluations for [8,9,10,others].The evaluation at a lower level is 
s 3 • 10 bits. If all this information will be used for the extraction of 
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environmental information, the needed IMD information network should have 

25 

dimension of the W = 6 • 10 

Maximal limitation on potential dimension of this network is =308, but a 
physical feasible maximal dimension corresponds to a minimal interval of 
observation, limited by the value of the discrete interval of the light wave equals to 
= 2.666 • . Using the formula a(n„J=a„ / . we get n^^ s96 

[3]. (Exclusively the IN's limitations (ch. 1.3.4) bring the maximal "realistic" 
dimension to n=90). A total number of the INs can be found by multiplying 

times, for example 96^\ where satisfies to the relation 

10^^, from which we can find m^=l3. Each of the 

multiplied sequence of this maximal IN's n =96 can be represented by its final 
cooperative node's dimension M=l, and the sequence of these IN's final nodes can be 
arranged in the ending IN's structure, whose sequence of the nested nodes 
enhances a total number of nodes. The m^ = 13 nodes can be joint in seven 

triplets, which corresponds to the Miller magical number. 

Because a single observer-human can not utilize all his information for a 
simultaneous observation, one needs to divide his negentropy among the additional 
instruments-transformers of human being information, which perform function of 
the Human Intellect's Amplifiers [30]. 

Therefore 171^=13 triplets-observers can be incorporated in a collective of seven 

triplets-observers, which finally are integrated into a single macrotriplet Ml. (An 
observer includes a human being equipped with the contemporary instruments). 

Such an organization of the initial networks preserves the equal channel 
capacities for all collected information, defined by the channel capacity of each 
single network, which is measured by the same invariant of its final node. 

Considering a maximal number of IMD networks observers equal to =96^^, 
we can evaluate a number of such collectives-amplifiers =96 , which are able 

to extract a maximal information s 96^^ X 6 • 10^^ bits that is approximated 
by N^=2 X bits. 

The found quantity of potential information and the equivalent of the IMD net, 
define the limitations of gaining maximal information by a human being (even been 
supplied by the maximum admissible intellect's amplifiers). 

Witii such a huge quantity of information, the problem arises regarding a possibility 
of its perception and assimilation by a limited number of the human's observers. 

An advantage of considered arrangement of the entire information into the system 
of collective INs consists in an opportunity to integrate the collected information 
into a limited sequence of cooperative nodes, accessible by a human intellect. The 
INs also integrate the initial random interactions into different chain's combinations, 
generating the resultant macroprocesses and structures that reflect some regularities. 

The second question arises: Is there any limit to gain the information from 
environment? A total number of particle in our nature is evaluated by the number 




Informational Macrodynamics 



61 



n° = 100^^^ . Considering also a possible number of permutations from the n ^ : 
n^ ! and using the Sterling's approximation, we get 

“ ln(100^^^/^^ bits, which equals to 
=20 X 100^^^ X 100^^ bits. This number estimates an information barrier 

emm 

of acquiring information from the environment. But a human ability to extract this 
information is significantly less, because Calculating the ratio 

we obtain as many as 20 X 100^^ billions of the human being 
observers -collectives that have to extract this information. 

Even a highest predictable human race's population on the Earth cannot reach this 
number in a future. This is a limit of obtaining an information. 

3.11. About a life-time duration of the IMD model 

Let us estimate a potential duration of human being's observations. The calculated 
life-time of a single IMD net with n~96 is approximately 12x10^^5' or 
4 X 10^ years. 

32 

An estimated hfe-time of Universe is 10 years when all photons and neurons in 
the Universe will probably decay. 

Considering 100 billions human being, living simultaneously in one generation 
with the life-time of a single human 100 years, we get the life-time of the 

observation for the generation 10 years. During these years, only the 2. 5 x 10 
human being collectives-nets can exist, collecting the information 

X 2.5 X 10^=50 X 100^ bits sequentially. 

During the 100^^ years of the Universe life-time, the maximum of such 
4 X 10 human being collective can exists, which potentially can collect 
40 X 100^^ bits of information. 

Comparing this number with N^=- 20 X 100^^^ bits, we may conclude that 
even during the life-time of the Universe the 100 billion's human generations are 
unable to collect all Universe information. It is required 5 x 100^^ of the 100 

bilhon human race generations to collect this information during 100^^ years of the 
Universe life-time. 

This is an enormous number even all human race will occupy an entire available 
space in the Universe. 

The last estimation of the human race's observers is close to our previous number, 
obtained from the evaluation of the Universe information barrier N ■ 

emm. 

The above very rough estimations illustrate not only an existence of the human 
limits of knowing the environmental world, which provides a gigantic quantity of a 
total information, but also an ability of human intellect to integrate andreorganize 
an available information for its acquisition and assimilation by a human being. 
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4. MAIN MACROSYSTEMIC EQUATIONS AND 
INFORMATION ANALOGIES 

4.1. Marcovian Processes and Equations of Math Physics 

A complex object, considered as a system of interacting elements, can be modeled 
by statistical ensemble of a large number of particles. In physical kinetics, 
trajectories of Brownian's motion are a convenient model of such an ensemble. An 
example is the movement of weighted in a liquid or gas particle under the action of 
set of molecular forces. Brownian's trajectories form a Marcovian diffusion process. 

A probabilistic structure of Brownian's trajectories is modeled by the solutions of 
differential equation with random influences. Stochastic differential equation presents 
a more general mathematical model of Brownian's diffusion [1 1]. Different physical 
transitions in Thermodynamics and Kinetics, representing the basics of various 
physical-chemical technologies, can be modeled by the stochastic equations. It is 
well known that the diffusion itself, created by gradient of concentrations, the 
termoconductivity, considered as a "diffusion of energy", and the viscosity are carried 
out by the same physical mechanism of the molecular transitions. 

Langevin's equation [12], widely used in Statistical Physics, is a simple model of 
the diffusion particles' movement, representing a partial case of stochastic 
differential equation. Regularities of transition of many Brownians' particles are 
modeled by the equations for probabihty density of the statistical assemble. 

In the statistical ensemble of classical Hamiltonian particles, the probability 
density is preserved along the phase trajectories of the particle movements. Another 
formulation of this fact represents the Liouville's equation [13]. 

The Fokker-Plank-Kolmogorov (FPK) equation [11-14] for the function of 
diffusion of probabilities describes the evolution of regular and random components 
of the particle's flow preserving the number of particles. In physical kinetics, the 
FPK models the dynanucs of changing the probability density, characterizing the 
concentration of the phase space' particles. The diffusion equation for a function of 
probability y = y{t, x) (Kolmogorov's equation) has a view [14]: 

( 41 ) djay) £ L = -— - 

dt 2 dx^ dx ’ dx ’ 2 dx^ dx 

2 . 

where O’ is a dispersion's speed, a is an average speed of a Brownian's particle. In 
the case y = 0 , where 0 is a substance's temperature, this equation is transformed 
into Fourier's equation. In the case y = C , where C is a substance's 
concentration, we come to Fick's equation. In more general case, the diffusion 
process is connected with a differential operator 

(4.2) L°y = o^{t, jc) ^4^ + ^)‘T' - ’ 

2 dx dx 

where C=c{x) is a coefficient of "cutting off" the diffusion process by its 
immediate stopping. In a particular, for a noncutting process, we have C =0. 

Many problems of Mathematical Physics [15] for the equations in partial 
derivations can be formulated using the equations (4. 1 ,4.2). 
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A generality of physical mechanism for the transitional process leads to a unity of 
mathematical description, based on the diffusion equation's operator and its 
transformations. The solution of boundary problem for parabolic and elliptic 
equations can be obtained by presenting y = y(t,x) as a function of mathematical 

expectation of an additive functional coj = 

(43)y = M^^{exp- coJ[^]}, coj = + coj ^0, s <t ^ r. 

The additive functional of Macrovian process collates the random value coJ[^] , 
depending of the process course during the time (t - 5') , to each time interval 
[ 5 , t], and can be presented by the integral from the function : 

T 

coj = Jw(u,^{u))du , defined on the phase space of solution of the equation 

s 

(4. 1). For each diffusion process with the given shift's and diffusion's functions, the 
function w(t, ^(t)) can be determined. All continues additive functionals for a 
Wiener's Process are well known. The operator of transformations of diffusion 
processes (4.2) can be introduced using the additive functionals. The additive 
Marcovian process and additive functionals play a specific roll in describing the 
regularities, which are invariants relatively to some transformations. The 
transformations, connected with additive functionals, at random replacement time of 
diffusion process, allow preserving the transition (probability density) function of 
the process. This quality is based on the connection of the Marcovian process with 
mathematical analysis of some function f{x) given in the phase space E . 

The result can be achieved using the operator that shifts the function / (j^) , 
and based on the relation between the shift and the conditional mathematical 
expectation of this function Mf\^f{x)\ by the equality 

(4.4)rjw = Mj/(x)] -/p(. ,x,t,dy)f{y). 

E 

For the Marcovian process the transitive relation = 

executed, and the additive functionals (4.3) generate the corresponding multiplicative 
functionals =exp(-coJ), connected with the operators of shifting the 
functions. 



The last ones define the operator of the Marcovian process A satisfying the relation 
r-*o t 



and the equality A/ (x) = Lf{x) , which determines the operator L in equation 
(4. 1). The shift's operators are used to build the group of transformations preserving 
a measure, and being invariant in a considered space. In a particular, the Liouville's 
theorem [13] establishes the invariant condition of preservation of the phase volume 
of dynamic systems, which satisfies the variation principles. 

Many fundamental natural laws of preservation and symmetry can be expressed by 
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the extremal variation conditions formulated for some functional. 

The variation equations define the invariant conditions for this functional on its 
extremals and determine the group that is invariant regarding some transformations. 

The procedme of averaging in equation (4.4) is a basic one for building such a 
functional and selecting the regularities of considered class of processes. 

The equations (4. 1-4.5) open a way of modeling the equations of mathematical 
physics using Marco vian stochastic processes. A wide class of many dimensional 
random processes can be reduced to the Macrovian processes, which are the 
convenient mathematical models of measured processes. Such processes and their 
nonstationary models in the class of stochastic differential equations are a well- 
studied [16]. 

Therefore, Marcovian diffusion processes connect the theory of random processes 
with the theory of differential equations in partial derivations. From other side, the 
Marcovian processes provide the invariant shift's transformations associated with the 
additive functionals. Because of the connection to the physical transition 
mechanisms, these transformations can be used for modeling of physical and 
chemical transformations accompanied by different superimposing phenomena. 

The information nature of multiplicative functional: 

(4.6) = S{s,r,x) 

is utilized to formulate the information variation problem for the entropy functional 
S{s,T, x) and the corresponding additive functional [13,16]. Connections of these 
functionals with the equations of mathematical physics lead to a possibility of 
finding the information forms of math physics equations. 

Basic Marcovian random process and its approximations could serve for the 
identification of above equations using statistical techniques and the computation 
procedurefor the restoration of information models of complex objects using their 
observed random data. 

4.1a. Examples of Extremal Principles 

As in physics, a mathematical substantiation of regularities and obtaining the 
equations of certain laws can be based on an extremal principle formulated by some 
functional. Principles of minimal action in mechanics, electrodynamics, optics, and 
minimal entropy production are the different forms of a variation principle (VP). 

According to VP, the actual trajectories of a physical system are not arbitrary but 
can be found from an equation that results from the solution of a corresponding 
variation problem. For example, the equation of Newton's second law can be 
obtained from variation principle for the energy functional: 

(4.6') E = fLdt, 

t 

where L = T + U is the Lagrange function that includes the kinetic energy 
T = 1 / depending on speeds and mass m- , and the potential energy 

i 

U =U(r^) depending on state coordinates r^ . Using the Euler's partial equation in 
Calculus of Variations for that functional: 
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d dL dU 
dt dv, dr, 



we obtain the equation of its extremals: mfL^ = , with F^ = 



dU 

as a force, 

dr, 



dv, ... dx^ 

and a. = as an acceleration. This equality, in particular, at = V , 

' dt 4 F 



dx^ 

dt 



= a , can be represented by the controllable system of differential equation: 



{4.6a) X = Ax +U, A = 



■ 0,1 ■ 

0,0 



dx^ dx^ F 

dt ^dt ’ m 



where U is the control function, and {x^,X 2 )=X are the components of the state 
vector X . Solving this equation defines the extremal trajectories depending on 
control. By an analogy, other minimal principles can be applied to define the 
evolution of physical systems. Natural laws allow only certain object movements 
with admissible trajectories. As distinct from physics, informational regularities are 
represented not only in mathematical or corresponding verbal forms, but even more 
useful are algorithmic structures, computer programs, and information networks. 
The dynamic synthesis of the information structures operates with the control 
functions, which should be the attributes of the extremal problem's solution rather 
then be given from outside. The problem is to find a generalized informational 
form of VP for an observed information process that can be characterized by some 
unknown functional, defined on random observed trajectories, represented by a set of 
random interactions connected via a Marcovian probabilistic chain. 



4.2. An analogy with the Feynman path functional in 
Quantum Mechanics 



Feynman's path functional introduces the integral of a wave probability function 

xcn _ 

(4.7) P(x(s), x(T)) = f^Dx(t), ^ = expijS / h ) , 

xis) 

n-> 00 

where 5 is a function of action, and Dx = is differential along a given 

t=i 

trajectory of a "psiTiiclc" x^=x(t) , which measures a total probability 
F(.l(5'),.;c(r)) for the trajectory to pass through a sequence of the gates, ddined 
by discrete values of Ax^ = J dxft ^ ) . Feynman's path functional was determined 

[17] on the nomandom trajectories. Generally, the path functional is defined via the 
mathematical expectation taken along the trajectory with some measure ^ (dx ) : 
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xQ-) 

x{s) 

The entropy functional in form (4.6) is a different from above formula only by the 
function of uncertainty In , where q^ is defined by the relative probability 

measure. Using other than Marcovian measures of the uncertainty function 
(including, for example, fuzzy set measure and many other uncertainties) essentially 
extends the definition and application of the information functional and IMD 
methodology. The joint consideration of Hamilton's and Kolmogorov's equations 
[18] leads to the analogy of Schrodinger's equation for the function of action S [17]: 

dS „ ^ d^S „ dS 

(4.9) _ — + W5 - 1/2 b — T =0 ; W5=- — , 

dt dx^ dt 

with the following connections of the above functions: 

h it 

(4.9') b=- — . h= — 

jm t 

to the conjugate operators *S*, W*, and the analogies of quantum Hamiltonian 
.7 dS 

H*=- jh — , information mass (m).The function of indeterminacy h is 
dt 

connected to the model's randomness (via diffusion b) and to the considered 
imaginary information (via the model's parameter y )• 

4.3. Minimax Principle 

Modeling is based on disclosing the regularities by minimization of uncertainties 
in the observed object. Characterizing an observed system by some integral 
information measure S , defined on the observations X , which depends on random 
perturbations /, and controls U : x(f,U,t), we get the variation minimax 
principle (VP) in a general form 

(4.10) MinMax S{x{f ,u)) = 

f u 

This principle minimizes the influence of random perturbations and maximizes the 
information contribution of the applied control, satisfying the minimum of 
maximal created uncertainty. 

For a random object (/ ^ ^ ), the most probable trajectories may approximate the 
extremals, considered as the object's dynamic macrotrajectories. 

The optimal approximation of the object's processes X^ (u, by the model's 

dynamic process X^ (u) leads to the minimization of their information difference, or 
toward the extreme of the uncertainty functional: 

(4. 1 1) extr S(x, (u, | ), x, (u)) = S° {x°), 

Xf (u) 

which can be written in Lagrange's form 




Informational Macrodynamics 



67 



T T 

(4.12) S=^M^ . L{t,x^,u{t,x^))dt=jL{x,x,t)dt . 

s s 

The extremals describe the model's dynamics and approximate the object 

processes with a minimal uncertainty. For a many dimensional process, the 

macrotrajectory consists of a sequence of extremal's segments, which should be 
stuck together at the points, where the minimum principle could violate. The 
special needle controls are applied at these points. The needle control's action brings 
a maximum entropy production between the extremal segments and an automatic 
execution of the minimax principle for a total sequence of the extremal segments. 

The detailed proof of this result is examined in Part 2. 

An implementation of the minimax principle for the entropy functional enables us 
to select the extremals as macrotrajectories and to join the local extremal's segments 
into the cooperative motion. This leads to both extracting an order and renovating 
the macrostates during the cooperative dynamics. Cooperation integrates the 
microlevel's ensembles of interacting information flows. The macromodel reveals 
the object's informational regularities created from the microlevel stochastics. 

The problem of extremization of the entropy functional by the applied control 
function usually corresponds to the formulation of criterion in the optimal control 
problem that evaluates the control performance. The minimax principle subordinates 
the applied optimal control to above general problem without specifying the control 
performance. For a particular variation problem, each VP may express a specific 
form of the uncertainty functional and the constraint, which formalize the building 
of the object's macromodel and revealing of the dynamic object's regularities. The 
macrolevel's VP function of action portrays a dynamic analog of the microlevel's 
entropy functional, which is preserved at the extremal's macrotrajectories, and 
presents the Liapunov's function in the analysis of the model's stability. The VP's 
information functional and generated dynamics connect both the information and the 
dynamic systems' theories. The VP's applications open a new way for the 
constructive solution to a wide diversity of actual applied problems. The exposed 
analytically a universal information code serves as general genetic govemer of 
any optimal information structure independently on the science object's specifics. 

4.4. Macrolevel Dynamics 

The solution of the VP problem defines the macrolevel dynamics in the form of 
Hamiltonian equations for the conjugated informational macrocoordinates (X,X)\ 

4 13 ^-^ ^ X- — 

dt dX dt dx ' dx 

and the equation of the differential constraint (DC): 

dX 

(4.14) e(x,XJ )= — + 2X 5:0 
dx 

those stochastics impose on Hamiltonian Dynamics. The equations (4.13, 4.14) 
model the IMD regularities and describe the macromechanics of uncertainty as an 
informational analog of irreversible physical mechanics. The DC equation is based 
on a joint solution of Kolmogorov's and Hamilton's equations (4.10). A 
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"determiiiistic impact" of microlevel stochastics (through the DC constraint) on the 
Hamiltonian mechanics changes the structure and value of the dynamic macromodel 
operator at the DP (^' ) initiating the model's renovation. The Hamilton's equations 
determine, in general, the reversible dynamic solutions, and the DC equation 
imposed (at the t moments ) defines the dynamic connection (via Hamiltonian H) 
with the Mareovian stochastics, characterized by the diffusion matrix b=b(t,X): 

(4.15) H(f )= (t ) ^ (/- )= - 1/2 ))^{t ). 

at dx 

The Hamiltonian acquires the entropy's production meaning, but only at the DP. 
Within the t intervals (when the DC is absent), time is reversible. The 
irreversibility arises at the moment of constraint imposture, emerging out of the 
DP's intervals. Microlevel stochastics create the macrolevel informational forces 
X , and the macrolevel dynamics could originate the microlevel stochastics 
(through diffusion). The transformation of microlevel information into the 
macrolevel is most effective when the //-function of information losses (4.15) is 
minimal (according to (4. 14, 4. 15)). The optimal control function 

(4.16) v(f)=-2 X (f), 

as an intrinsic part of the VP and the model's inner feed-back mechanism, reduced to 
a state vector, which is formed by the DC through the conjugate vector 

(4.17) X=(2&)‘‘ X{x+vy,xv=u, j p 

that connects the differential operator A to the statistical characteristics of the 
random process in the form of nonlinear correlations. 

This leads to a preeise and simple identification equation being the function of the 
diffusion matrix or the conditional correlations: 

(4.18) A=mb{i)[fb{t)dt ]■* ; 

t' 

dx 

A=M, Ax(t)— \t)} [M, Ax(t)x\t)}Y^ . 
dt 

Under the same optimal control action, the macrolevel's extremals are able to 
approximate the microlevel random trajectories with maximal probability that 
measures their closeness (Part 2). The control also reflects the VP regularities. 

The A-matrix of the differential IMD equation (in a simple form): 
dx 

(4.19) — =A(X + V), A^A(t ,X ), 
dt 

acquires the irreversible quahties, but only at the DP, due to the second law, and is 
generated by the stochastics. Within each f , A{t\x)is preserved and changed by a 
step-wise jump at the t moments, when the constraint is imposed. For each 
segment of model's extremal, the identification equation (4.18) uses only the pair's 
correlation techniques. At the moment of decoupling of the pair correlations, the 
techniques are able to identify a nonlinear object operator [19]. The movement 
along the inside or the outside segments of each extremal separates the linear and 
nonlinear parts of the model with reversible and irreversible processes. 

The microlevel's diffusion process delivers the entropy density, expressed by the 
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operator A: h^=SpA^ or by the corresponding correlations (4. 18). The control 

compensates this entropy, delivering - + 2h^{t ) at each f . The operator's iimer 

nonlineaiities model the bifurcations and chaotic activities at points of interactions. 

The solution of this variation problem for the space distributed model creates the 
Lagrange equations, representing a general structure of the macrosystem's model in 
the operator's form: 

(4.20) — = A(tJ lJv,)Ax , A = V^, Vx^gradx, 
dt 

I V = F{x{ij)). V 

that includes the operators A{t, 1 1, 1 V,), A of macrovector X , the reduced control 

V , switched at the discrete time t = t and space / = / points, defined by the 
equation of differential constraint, which a randomness imposes on the 
macrodynamics, and when the micro-macrolevel's interactions occur. 

The equation's specification requires the information from observed system. 

The particular system's model is restored by a current joint identification and 
control of the observed system. The optimal coordination of the model's dynamics 
and geometrical structures leads to the optimal distributed macromodel with the 
consolidated states and the hierarchical information network, restored in the process 
of optimal movement. The macrodynamic's determinism defines the entropy 
functional's extremals and the conditions of model's stability. 

4.5. Information Mass 



Finding a local information mass for each macroelement (ME), generated at the 
DP, represents an actual interest. At the DP, the geometrical MB's space curvature 
is changed by a jump creating a local informational mass, determined by the 
curvature of the cone's geometrical space: 



(4.21)K-|^ = 2[^(p + l-Tsin’" ^ ’ 

dcp dcp dq) dq) 



p{t ) = b'sinl3sin[q)(t')smp] 



The jump of curvature K' takes place at the locality of (^ -0), (^ +0) of each DP t , 
while the transfer from one cone to another cone occurs and when the following 
equations are fulfilled 

(4.22) m' = K' (f +o) -K'(f-o), —{t -0) =Q,d{t -0) = p(/' -0) = 0 , 

dq) 

(4.23) p(^'+0) = bsmpsin[q){f+0)sinp],b'= V Ikjt, sin)3;«i0, 

with / 'as a discrete space interval: l^Ct\ m^is an increment of mass. Each triplet 
formiation is accompanied by a minimum of two such jumps with transferring both 
of them to a new cone with the raduous' p parameter F {f +o)= cf (+6>) / kjt . 
From this we obtain the equalities 
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(4.24) -^(f' +O)=fe'sin/3cos[9?((' +0)sin/3]=&'sin/3, at sinq){f +0)= 0, 
dq) 

(4.25) w'= K'{t +o) -2b' {sin fiy^=2cV {knY^ 2k ^ Act' ! Ji , 
sin/3 = {2k)~'^ . 

All that follows from the cone's equations (Part 2). 

Therefore, the information mass created at each discrete moment is proportional to 
the space interval, or to the discrete time interval at C=Const. The summarized 
mass W j as the contribution from n - 1 discrete intervals equals to 



4c, 

(4.26) \t,,rn^ 

JX j _ 1 3X 



=n-\ 




where a current information mass: m = bo / dij) ^ . 
Changing the speeds brings the mass' ratio to 






(4.27) 



m 



^n-\ 

l\-X 



where = Ct ^_^ , and /^n-i = are the space intervals at the speeds C , 

accordingly. The mass depends on the intervals of the interaction (/ t') or on the 

system's time course {t), according to TR (ch.5.2). 

At the speed c~^ C approaching the light speed , the corresponding information 

mass depends on the relative speeds : 

_i 

(4.28) d CJl- (C/ Cj-V , 

o o 

where i = — -t^n-i is an initial information mass, which characterizes the 
Jt 

uyformaXion accumulated within the macrosystem (at Tn-i =Cj^n-i). If or 



fn-i is equal to zero, the system does not accumulate any information (at DP) and 
it's =0 (because K'(t') 0). 

The information mass depends on the space speed, and it differs from the flow I , 
that presents an external system information characteristic. A fully cooperated and 
ordered macroprocess carries a finite information mass at any C < Q . 

At C — > C^, the information mass approaches infinity. Taking into account the 
relation f ^ = Si I the local mass is an inversely proportional to the local 
entropy production a^ : = 4c2i I Jta^ , or m. =Ac2l^ ! at 

= where a„~ Cp(y),a^„ with C^=Cp(y) as an 

information capacity and co . ^ as the frequency corresponding to the i -th initial 
eigenvalue. The summarized information mass — A CVi^l o » expressed 
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via the maximal information speed and the minimal frequency ^ at the 
given space speed C , acquires the form =4cCp / ^ . The mass gets the 

entropy contribution only at the moment t .. Within the discrete interval, this 
contribution is absent. At the negative a. , or a , the mass' increment is negative. 

Both formulas for information mass: m-jhb ^ and m' = 4cf ! Jt , are in 

agreement because b ^ T , or in particular, at m =m \ b = J . 

4cf 

At C — > Q , 0 , and oo . In the triplet's field, we can find the 

concentration of the triplet mass' within some volume, for example, within a sphere 
radius r ^ . The maximal distance between the nearest vertices of the triplet cones is 

dr r 

dlfy) = » ~h’ Within the radius r^ we might have Nq = triplets, 

r 6F 

each of them with the mass = 4cf 3 / JT . For the volume of sphere Jtr^ we get 
jtrf 

triplets, containing a total informational mass equals to 
Ajtr ^ 

(4.29) M, = — 

(o/J k 

The same way we may compute the summarized defect negentropy De^ within the 



above volume: De^ = triplet's negentropy defect is De >^ . 

h 

Each of the dlfy) -locality presents an elementary random volume with a fixed 

entropy, which characterizes a static macrostate. A negentropy's influx creates a 
sequence of macrostates as a systemic group with decreasing their information 
masses, which can be represented by the IN's minimal program. The IN's grouping 
accompanies any information process with negentropy production. 

The summarized information mass of a macroelement is the function of DP: 

(4.30) s 0.45(3(f3)-‘ + 

The connection of the mass to the time and to the memorized information with 

a possibility of transformation of the information into the physical substance, opens 

2 

a direct connection of the mass-energy e = mc to the irreversible time. 

This makes a feasible the consume of an energy from a real time course. 

4.6. Information Forces 



What kinds of information forces arise at the border of imaginary and real zones, or 
at the border of the real and imaginary zones? 

Let us define the information forces , X 2 from the DC equation 
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dX 

(4.3 1) gradX = -2 X X , gradX = — , 

dx 

where the gradX is considered in the phase space toward the direction of the 

normal to the surface 5 (J ) for the eigenvector X . 

Using the transformation Tx = / , we may consider the gradient in the direction of 

7 7/^^x 

spatial coordinate / for an appropriate normal / ( — —) : 

dl 

(432) gradX = — ^ T -^=-T F, , 

Tdx dl 

dX ^ 

where— — =- = is a cooperative force. By the substitution of informational 

dl 

forces and speeds: 

(4.33) X, = b{f x,{t ) = a,{t')x,{t), 

X^ = b{t)l^x,{t),x,{n = a,{t)x,{t) 

into the equation (4.32) and taking into account the relations 

(4.34) a^{t )f = = 2L,m^ = ^j(?')"\ = b^if)'^, 

we get the equahty for the considered gradient, expressed via the above relations: 

-1 b(f )-^b{t )-^a^{t')ta^{t')tM[x^{t' )x^{t )] 
tt 

which is an information equivalent of the equation for the gravitation force 
( 4 . 36 ) 



( 4 . 35 ) Fi = T 



at the distance = Ct' between the two mass', if the multiplicator is 

(4.37) G;=«a^c^ FM[.t:i(f )x^{t )]=«aV rru(^' ) 

or using the transformation T ^~r^ 2 ^t )=M[.Vj(/’ )X 2 {f )], we obtain the formula 

(4.38) G,=8a^c^ 

where depends on invariants a(y) and C. For example, in a stable 
macrosystem with the parameters y =0.5, a « 0.0671, C =9-10 we get 
Gj =4. 8312*10^^. Considering a triplet as an elementary informational macrounit 

with f = and = ^ , we can find the dependency of its cooperative attractive 
force on the curvature of geometrical space. For such a triplet's field, the cooperative 
attracting force arises only at the distance ^ /g . At all distances < l^ the 
attraction is absent. Considering the interacting cooperative forces acting within the 
imaginary X and real X^ zones accordingly, we have the relations 
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(4.39') F; = 2r^X'X"(a), 

if X~ acts on or F* = 2T ^X*X (b), if attracts X . 

As we will see, the situations could be different depending on which direction of 
the border is crossed (from the imaginary zone to the real zone or the vice versa). 
Using the formulas: 

(4.39) X~={b~y"xX ={by^x\ X = jfi'x', r = aV, 
b~ = jjth / 4cF ,b* = Jt 1 4cy , 

after their substitution into (4.35) and taking the mathematical expectation, we get 

(4.40) = IT — - — — -M{x x^] , 

where the transformation T-AI[x X^], the invariants ^ t a^T=Si, 

T = t I h, and the time discrete intervals are (^ , T), which can be expressed 
analogously through the corresponding distances (/ , T) and the linear speed C : 
f =r I C, T = T I C. 

The interacting information masses: m = jh{b ={b^)^ are located 

supposably at the equal distances / = /^ / 2 for the determination of , or 

T = ll ! 2 for the calculation of F^ . By substituting all expressions, we receive 
the formula of information force, acting on the border of the imaginary and the real 
information zones that is able to attract a real information mass by an 
imaginary information mass m , which are separated by the distance : 



(4.41) F; = G, 



.mm 

~iTf 



G;'=8c b> 



with the information constant, defined by the macrosystemic invariants. 

Considering the information force, attracting an imaginary information mass 

by a real information mass , we get the analogous formula 

m'm* 8c^ . . 

(4.42) Fj - Gj + 2 > G; - 2 b o a. 



(O' 



r 



In (ch. 3.5) we used these formulas for calculating a difficulty of transformation 
imaginary into real information. 

Because the invariant a, defining the constant (4,38 ) , is a nonsymmetrical 
regarding the changes of y G(0.5 ±0.5), the attracting cooperative forces 
take also the correspondent asymmetrical values that explains an essential 
nonsymmetry of the adaptive potential . 

The forces of information attraction are sources of organization and complexity. 

The nonsymmetry of cooperative forces and correspondent adaptive potential 
shows the macromodeVs tendency to increase the cooperating triplet's number 
and their hierarchy under the neutral mutations. 
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An essential nonsymmetry is a result of the macrostructure's fundamental 
quality of irreversibility. 

The information force of attraction through the constant depends upon the 

parameter Y^{y) (1.3) that measures the closeness of the initial ranged 

eigenvalues. This constant characterizes the chain ability for a subsequent coupling, 
which determines the chain length. Both of them depend upon parameter y that 
affects the chain's length stability. As y increases from the point 0.8 the chain's 
stability is compromised. The maximal dimension of both the non-joint (ch.3.4) 
and the joint geometrical structures is determined by the actual value of y as the 
parameter of macrostructure's coupling and stability. The limited y allocate the 
most probable macrotrajectories where the VP is automatically [3]. 

4.7. The information virtual and physical connections 

The information connection is associated with binding of the information events 
and corresponding symbols in such a way that each following symbol fits into each 
previous one and requires it like a musical melody. An information symbol 
represents a bridge that connects the information nodes. An information word and 
a sentence constitute a melody played by the reverberating sequence of such 
connections. This melody is generated by an idea, which compensates the 
uncertainty functional, arising as a result of a creative process that incorporates 
both the reflection of environment and the accumulated knowledge. 

The idea is a composed melody, which could be expressed by the allowable and 
chosen symbols: note, letters, signal, code, and so on. In the process of the ideas 
expression, the uncertainty functional evaluates an information difference (a 
deficiency ) between the ideas source and the recipient's reflection. 

This difference gets a maximum at the beginning of the idea process expression, 
when the difference evaluates the most of the idea, and the difference vanishes by 
the end of the process' reflection. That's why a starting part of the idea expression is 
the most informative compared with other its parts. 

The VP for the uncertainty functional minimizes this information deficiency that 
stimulates a recipient for searching and obtaining a new information. 

How do we evaluate the information connection that exposes itself in a mutual 
information attraction leading to the symbols' assembling ? According to formula 
(4.36) the information attraction's force depends upon the interacting information 

masses , the distant between them , and the constant Gj . These 

masses are determined by the curvatures of the geometrical spaces, represented these 
masses, with the constant Gj that evaluates the quantity of bound information by 

the system invariant a( y ) . The attraction takes place if the interacting information 
masses have the opposite signs (m^ , m_) that requires the opposite signs of the 
corresponding space curvatures. This leads to a geometrical representation of the 
information, binding the different forms, by the key-lock connections (Fig.3b) of 
the assembled symbols, where the information constant evaluates the connection's 
ability to bind the information, and the mass' distance is in inverse proportion to 
the attraction force. These forms could be utihzed by the material or the virtual 
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geometrical structures modeling the assembled information. 

The entropy of the independent images decreases upon their cooperation. 
The effectiveness of information attraction evaluates the formula 



(4.43)A£;=F,/, 



where all the right part's variables finally depend upon systemic parameters ( y + , y _ ) 
of interactive symbols and their particular time , ^_ ) or space (/^ , /_ ) position's 
locations within these systems, or within the same single system. A£^ is an 
analog of physical work for a mutual attraction of , which we evaluate 

using eq. (4.32) and the following equations: 

(4A4)b— = H—T =^,T =r{x^,x_),b=\Hr{x^,x_), 
dx dx dl 

1 / 2r{x^,x_) r{x^,x_)-A{x^,x_). 



By averaging AEj 



with all possible random gradients 



dl 



at MH = A , we 



obtain the equation 

(4.44') SE, = MAE, = M[-^K = M[A'^H% = 

dl 



which determines the average work AiE^ via the distance f between the mass' 

A nature of information attraction can be expressed not only in the 
geometrical forms, but rather in a harmony of sounds, represented by the note's code 
symbols. The DSS code, created by the IN's nodes, is an example of such binding, 
which is a result of both the dynamic and geometric node's key lock connections. 

An information process (random or dynamic) with the correlated symbols is an 
example of statistical or dynamic harmony accordingly. The information systemic 
connections model generally the information attraction and harmony. 

The IMD operates with two kinds of transformations: reversible within each DP's 
interval and irreversible out of these intervals. Each reversible transformation 
preserves the invariant amount of information a^(y). This satisfies the 

conservation law for information as a virtual logical substance. For the irreversible 
transformation, the macrosystem gets additional information from the environment, 
which is embedded into this open system, and both the direct and the inverse 
transformations become nonequivalent. This is also true for the virtual information. 

In the Dynamic Systems Theory [18, other] the transformations exist with 
invariant measures, which preserve an entropy as their metric or topological 
invariants (depending on the symbolic or topological dynamics). The numerical 
value of the entropy invariant serves as a measure for the classification of the 
considered transformations. The transformations with invariant measure are purely 
mathematical and virtual even thought they are able to produce the entropy- 
information. For example, the doubling transformation T{x) =^2x has the 
topological entropy h{T) = log 2; for the rotation on a circle, the entropy 
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h{T)-0, and for transformation of the full shift on k symbols, the entropy is 



h(T) = log A:. 



Therefore, there exists a wide class of transformations of information for which 
being virtual does not require consuming an energy. 

Suppose, an imaginary information was brought into a neutral field, where the 
possible positive and negative energies are balanced. Then the transformation 
of the imaginary information into the real information [20] could initiate a flow 
of debalanced energy, which would a real physical process. 

This energy also may transform the information attraction into a gravitation. 

Let us consider a model's system of N vectors-strings, which could only be in the 
opposite directions, with (1 / 2N + m) directed on up and (1 / 2N - m) directed 
down, where the current direction's difference equals 2m . This system corresponds 
to the N strings of the initial IN spectrum, where 2m of them are excited. Such a 
system is analogous to the N coins' tosses with the m from the total N coins 
falhng face up. The entropy for the model's system is defined by the relation [21]: 



(4.45)//= lng(N,m),g(N,m) 



m 

(l/2A^ + m)!(l/2A^-m)!’ 



where g{Nym) is a measure of degeneracy, which sum equals to 



m^Vl 

^g(iV,m)=2^. 



and the approximating formula is 



(4.46) g(N,m) a p(A^,0)exp(-2w^ / N),g(N,0) ^ . 

’ ^ ^ (l/2iV)!(l/2iV)! 

The initial model's spectrum is defined by the number of the equal quantum level's 
energies, or the local level's entropies. The entropy increases with growing m . 

At m =1 the entropy is H=0. The complete potential energy E of the model's 
system is proportional to m : £ = -2me ^ , where is the elementary energy of a 



string. Using 2m, and the thermodynamic definition of temperature 0 : 

( 4 . 46 -) 0 -‘=(^)^, 

dE 

we get the corresponding information temperature 

0; 4m / N . From that we obtain the expression for entropy by substituting 



6 1 = -N 1 4m into (4.46): 

(4.47)// = In g(N,0) - (N / sef) . 

The increase of 0 . is associated with the system's disordering, while decreasing m 
leads to the model's ordering and balancing. 

Suppose the initial balanced model has been disturbed by binding some of its 
m^N components by an incoming information, carrying the entropy (4.45). 
This action will create a nonsymmetry, disorder, and release of a potential energy, 
accompanied by growing temperature. 

The real time physical process will start with bringing an information into the 
field. 
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4.8. The invariant transformation of the model's 
eigenvalues 



The macromodel' poor imaginary initial eigenvalues 



transformed (ch.1.3.5) into the real eigenvalues using the transformation 



(4.48) r = - 



exp(±yf) 

2-exp(±jf) 



can be 



carried by the imaginary control's feed-back V = , applied at some initial 



moment . This transformation can be considered as a special conformal reflection 

r ^ b , . ^ 

of the line ± J into the shape w{z) = at Z = exp(± jt), a=l, b=0, 

CZ + d 

c=-l, d = 2 with the invariant points Zi= 0 ,Z 2 = l, 
w(z = 0) = 0,>v(z = 1) = 1. Such a reflection transforms the ± j lines of an 
Euclid's geometry into the curved lines on the Riemann's shape W (z) . The angle 
between a pair of curves at each point Z is transformed into an equal angle (by its 
value and the marking course direction) between the curves in the shape W (z) . 

This leads to the transformation of the initial parallel pair of lines ± j into the 
intersecting curves on the Riemann's shape w(z) . Following the connection to 
QM, each of these eigenvalues ± j corresponds to the pair of wave functions 
= exp (^),^2 = The property of being the harmonic wave 

functions is an invariant under the conformal mapping. Because of that, the 
transformation T{T^, creates a pair of transformed wave functions 

Jh ^ 



(4.49) (p,=- 



2- 



= - 



2-V^2 



which can actually intersect on the Riemann's shape w(z) . A set of imaginary 
events, described by the wave functions, have a non observed probabilistic tendency 
P =\(p^ + that is transformed into a real observed event at a point of their 
intersection (the waves' collision). A curved shape, corresponding to Riemann's 
geometry, is formed by the local IN's cone's space dimensions at the DP's vicinities. 

An absolute maximum of an imaginary information or a certainty (God?) is able 
to attract and compensate any uncertainty. The virtual transformation (4.49), that 
generates a positive entropy production (ch. 3.5), becomes irreversible. 

This means, the transformation's execution requires consuming an energy that 
converts its virtuality into a reality. A similar transformation undertgoes each third 
extremal's segment of the IN's node (for starting imaginary eigenvalues). 

Memorizing by copying does not consume energy in a virtual computation. 

But each renovation of the copied information erases the previous one that actually 
consumes energy. Both the irreversible logic and the memory, implemented in the 
software for the dynamic virtual computation, can transform the encoding 
information into material (energy) substance. 




78 



Variation Principle 



4.9. The informational analogies of physical invariants 



The function of uncertainty in the physical systems is the ratio of Planck's 
constant {h)Xo the mass of a quantum element (m )\ — h ! fh , where is a 

characteristic of physical (energetic) interactions. Let us compare with the 
informational function of uncertainty ll equals to the ratio of the corresponding 

informational analogies = h I m, where is sl information function evaluating 
some "cooperative interactions." For their comparison, let us consider the 
elementary electromagnetic interaction for the mass' m = slssl mass-energy of a 



quantum element (m^ =8.2* 10 (joule) (that corresponds to the mass-energy of 
a moving photon). Then, the uncertainty function for electromagnetic interaction is 



(4.50) = 



6.6262MQ-"V.5 

8.2»10'^V 



= 0 . 81 * 10'^^5 . 



The information mass, related to a physical minimal discrete interval (for a light 
photon), is m =mp=0 . 187 *10 \ 



From that, at h =0.449 we get = 2.41 • 105* . 
The ratio of the indicated uncertainties 



(4.51) ! h' = 



0.81M0~"^5 

0.241*10^5 



= 0.335* 10'^’ 



is a comparative, but a nonmeasured evaluator of uncertainty, created in 
electromagnetic and cooperative interactions. This means that cooperative 

interactions enable the production of « 10 times more compact mass-energy 
packing, than electromagnetic interactions. 

Comparing this with the well-known relations for mass-energy in physical 
interactions: nuclear, electromagnetic, weak and gravitation, for example, published 

in [22], we get the following ratios: 1:(10"^ -10"^ ):(10"^^-10~^'^):(10~^^-10~^^). 



From that, the ratio of the energies for the gravitation and electromagnetic 



10-28 

interactions: :r 

10'^ 



10^ 

10'^ 



= 10’^® - 10'^’ 



is close to the obtained value 



! h\ Thus, the cooperative interactions, in particular, can be considered as an 
informational analogy of the gravitational interactions, and the information mass 

has an analogy with the gravitation mass. The value evaluates an elementary 
level of energy of disorder, related to the unit of the element's mass, created at the 
given interaction. An analogy of the inner energy (for a given energetic level: 

e. ^ 2i ! t . = a\), related to the information mass, is an invariant, equals to 



■ t 

“7^ = a.^.'=a(y) for any macrosystem's dimension. 
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The invariants of the macroprocess are also 

•the area of bordered surface, forming during the discretization interval: 

dF{y -^0)=032 

S 

•the entropy S per triplet’s dimension m: = + a 

{n-l)!2 ^ 



•the admissible derivation of an analogy of inner energy (which does not disturb a 
given dimension) ; Aa* = (0.26) ^=3.85 at y =0.5 



•the relative maximal linear size of a macroelement at a DP locality: 

A/* Jtd^ _2 

d = -^=0.26(y =0.5) and its relative volume = —^=0.94* 10 



•the relative volume pertinent for a macroelement is = -^=3.1® 10 

From that, the number of macroelements, corresponding to a given macrostate per 
unit of the volume is = (v^) s300, which represents an analogy of 

Avogadro's number (as the quantity of elements within a single mole); 

•the ratio of the analogies of energy's and mass' increments : 

Aa* 

Am 



It 

II 



= (0.26)'' s 14.8. 






The connection between the curvature of information geometrical space 

and dynamic invariant a( y ) opens the possibility to identify the macrodynamics by 
a given geometry of a model's image without using the microlevel statistics. 

A direct connection between the parameters of macrodynamic ( y , n) and geometry 
k follows from the previous realations: 

(4.52) c(k) = Jt / 4af (y)bo(y)exp(-a„(y) n), m = bo / a„&‘‘ = , 

Cil/2r/;'=a„(y) 

The above relations impose informational limitations on some physical model's 
characteristics restricted by macrodynamics. For example, a limit on minimal hnear 
size of a dynamic stable (robust) macrounit that can withstand the perturbations is 

3.2»10"’m [3], 



4.11. The bound energy of information cooperation 



Structured inormation is a carrier of energy accumulted at the cone vertices. 
An elementary quantum of latent information a (y ) is evaluated by the equivalent 

quantum of bound energy =E, and the above E defines a minimal energy to 

acquire a unit of information a (y ), or a^(y) . The triplet's bound information 

depends on y , that determines a minimal value of a (y ), a^ (y ) and the frequency 
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of transmitted symbols ^ (which is defined by the total macrostructure 
maximal dimension n=n( y )). 

The ivariant measures the integrated information, accumulated during 

any t . , which is binding and supposes to be memorized at each DP of a cost 

of energy. There are two levels of revealing the message uncertainty: 

(1) - translating an initial message code into a receiver alphabet, 

(2) - understanding of an idea message's bound information. 

In the first one, uncertainty is associated with each initial code symbol (because 
the location and position of the current symbol is unknown). In the second one, 
uncertainty of a message is associated with a sequence of the cooperative 
macrostructures (for the unknown sequence it is also unknown which of the 
symbol's bits bring a boimd information). The bound information is accounted in 
the units of quantity of information, carried by the message symbols. 

Using the IMD model, it's possible to evaluate a total message only by a single 
bound uncertainty defined by the Shannon's entropy. The acceptance of such a 
message requires also a minimal energy expenditure E. Such an energy would be 
spent only to get a quantity of information from the priory unknown data, symbols. 

An idea, incorporated into a message's macrostructure is produced by the cost of 
brain energy. The process of copying does not cost an energy because it does not 
bring new unknown knowledge. The operations include builing the message's IN 
that simplifies the message structure, computerizing the process of message 
understanding, and bringing the maximal compression of the message symbols, 
which increases the communication speed of the symbol transmission up to . 

The second thermodynamic law works as a source of ordering and structurization, 
which generates the macromodel's inner controls (including the needle control) that 
create a novelty, asymmetry, order, cooperation, and complexity. 

5. THE IMD MODEL*s RELATIONS TO THE 
FUNDAMENTAL SCIENCES 



5.1. Classical Mechanics 



The information variation principle (VP) for the entropy functional defines the 
IMD Hamilton-Lagrange's equations, which are analogous to the corresponding 
Classical Mechanics equations, obtained from the principle of minimal action for 
Lagrangian of the kinetic and potential energies. Within DP's intervals, the entropy 
functional has a meaning of the object's eigenfunctional, which corresponds to the 
preservation of the entropy invariant on the macrotrajectories. The Euler's equations 
for this eigenfunctional define the dynamic object's macroequations as the 
eigenfunctional's extremals, which have the mechanical analogies. For the energy 

dE 

and entropy productions we have the related equations: = F mV (where and 

dt 



V are a mechanic force and speed accordingly), and for the model's entropy we get 

dS, . 

— - = Xx , where X and X are the information force and speed accordingly. 
dt 
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The model's virtual moment's equation (2.3.68) , (ch.2.3.3) is analogous to the 
classic mechanical moment. All analogies are correct only within the DP's intervals. 

5.2. Special Theory of Relativity (TR) 

The macromodel's inner discrete time is measured by the DP's intervals between 
interactions. An illusion of uninterrupted (continuous) time is made by an observer, 
fixing the sequence of many interactions, represented by a huge number of small 
discretus, which are not distinguished at the classic macrolevel. The calibration of 
inner time can be made by an interaction with a standard process which has a 
minimal discretus, for example light radiation. The number of discretus and their 
sequence are preserved for the same macrosystem with its constantly growing speed. 
But a duration of each discrete time interval is increased with growing speed 
compared to the analogous standard process. This means that the time duration 
between the same events is increasing. The model's discrete time interval in the 
moving (/ *) system compared to this interval (^ ) (in the immobile system with 
the fixed scale cahbration) (4.28) is in an agreement with the TR : 

(5.1) CSf ■ 

The minimal dissipative losses (in the optimal model) as a function of the relative 
speed can be expressed via the dispersions in immobile D and moving systems D* : 

(5.2) D*=D[1-(C/ Cj'f ; D~ajt 

and when C'=C, then D* turns to zero. According to the second law D* >0, D>0, 

C’ 

and, therefore From the macrosystemic interpretation of the time course, it 

follows that an "exploring" model's time is different from the fourth dimension in 
TR, as an attribute of interactions. The IMD equations generate two scales of the 
macroprocess' time intervals: large time intervals within each discrete interval 
(^i-i ’ which is cmalogous to a classic reversible and a symmetrical time 

course, and the small time intervals d(tf =(t. + o) at the DP's vicinities, when 

the macroprocess is irreversible and the time course is asymmetrical, connected with 
the generation of both local entropies a, and the entropy production 6 CX- . 
This irreversible asymmetrical time: 

(5.3) r = ‘^“5(g, = /da‘ 

unifies the d(t.) -intervals, while the reversible symmetrical tim e 

(5.4) r = +o,t^) 

joins (virtually) all classical time intervals +0,t^). The model's states' 
memorization occurs at ?.) simultaneously with the applied controls, connecting 
both of them to the asymmetrical time. Within a system, where information law is 
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executed, the time course has a discrete measure with the uncertainty zone between 
the nearest discretus. 

An imaginary time is measured by the imaginary entropy production. 

The real time's discretus are measured by the real entropy production having the 
energy equivalent with a quantum measure in the irreversible process. 

From the VP's formalism and the IMD mathematical mechanisms follow that the 
macrosystemic time and space have a discrete nature. Both of them originate by 
the transformation of an imaginary into real information. 

5.3. Quantum and Statistical Mechanics 

The entropy defines the considered probability waves ( * ) (distributed within 

a field) that are able to provide uncertainties until interactions are absent. At the DP, 
the probabihty waves are capable of overcoming the uncertainty zone with the aid of 
transmitting outside the negentropy. Then, the entropy acquires the real value and 
can be transmitted by quanta. The macrostates are characterized explicitly by the 

eigenvalues of operator A = ||A J that defines the Hamiltonian H = SpA and the 

eigenfunctional S ^ H.{t)dt . The complex matrix A-A{t) defines a set of 

events distinguished by the values of A . -X. {t). Each information element with a 
quantity of information is defined by the event with the probability 

Pi * (0 (0r> that is comparable to the transitional QM 

probability. At the DP moment T -t of formation of the identical events, the 
probability and entropy take real values. For the initial pure Hamiltonian systems 

(a^(^=0)) we get P.. (^)'-COS , where )3^(t) defines the fluctuation 

frequency that creates uncertainty. The interaction of fluctuations at the moment t 
generates uncertainty. The events with equal eigenvalues (at the discrete moments) 
are undistinguished because of having the equal probabilities. Acting as a latent 
control, an observer transforms both probabilities of the before unobserved processes 
P. {t) ,Pj(t), / 5*s T, p. (t);»i 0 into the probabilities of the observed processes 

FJ (t) , Pj (r) , = 0. If the observer (control) is absent, there is no 

cooperation and the probability of the unobserved processes carries uncertainty. At 
the consolidation of the undistinguished events, we get their cooperation with a 
maximal probability P.j (t) , or P.^ (t) 1, and zero uncertainty. 

According to the QM oscillation theorem, the wave function of discrete spectrum 
with (n+1) eigenvalues turns into zero n-times (at finite X(T)). The macromodel's 
number of macrostates 2m+l, m=n/2, is an analogy of the number of the spine 
projections on a given axis, which expresses the Paul principle in Quantum 
Mechanics. The phase states (JT(T), y(T)) with the equal eigenvalues 
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^ A ^ B 

(A , A ) of the operators A, B are characterized by solutions of the differential 
equations: X =?i^(T)X, y (r)y . 

For these states the conditional probabihties satisfy the symmetry condition: 

P{x = x{x ) / y = y{r)) =P(y ^ y{r) I (x= x(r)). 

This result is also a consequence of the principle of detail equilibrium in Statistical 
Mechanics with a corresponding analog of Boltzman equation. 

The equal instant energies, accumulated by the DP moment t^\ h can be 

expressed via the average energy and the corresponding accumulated 

entropy : h v^=Asl acquiring an analogy of Planck's formula for the 
energy, emitted at the discrete moment: 



(5.5) = 



hv, 



- 1 



e^=ks^. 



Finally, the IMD equations originate a reversible QM with a symmetrical time 
course at the time intervals {t. - O) and an irreversible QM at the asymmetrical 

time course + o) , with the entropy production and the probability 
distribution (not only an amplitude's probability as in QM) within these intervals. 



5.4. Gravitation Theory 



The information forces, associated with the creation of the defect of information, 
accumulated by the curvature of spatial space, are the attributes of the process 
ordering. The IMD equation of information attraction (4.36) connects the attraction 

force acting on the distance = /* /2 , /’ = C/' between two information masses 

with the multiplicator G^=8a^C^, depending on the invariant a(y) and 

Sjt 

a current speed C .The General Relativity equation = — 5 - (C^ is the speed 

C 

of light) describes the connection between the specific curvature of physical 
space and the gravitation constant G^ , where = K I relates the geometrical 
space curvature K to mass -energy 171^ . Considering an analogy between mass- 
energy and a corresponding information mass nip , defined by the curvature of 
information geometry, the coefficient = 64 / cf should be introduced, 

which has a meaning of specific curvature of information space: I rn ^ . 

An ability of gravitation to carry out the oriented energy is widely known. 

The gravitation field is an oriented as well as magnetic field does, and the geometry 
fixes the order in the memorized form of macrostructures. 

The IMD information equations are not connected with a specific material 
substance, and the information field and the forces have basically a virtual nature. 
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At the condition of physical reality, the information form of the gravitational 
constant and the physical constant are supposed to be proportional: 

G^ =]Cq Gi , with a coefficient of proportionality and the gravitation constant 
= 6. 6726 • 10 '^ ^ . We can find from the relation k^=G^ I G^ . 

By a substitution of the above constants, we obtain k^= 1.381* 10 which is 

—23 

close to the Bolzman constant k^ = 1.38054*10 J/K. This means that the 
equality =k^ G^ is a condition analogous to a creation of the physical mass 

m=E I as a result of a real space curvature. 

In physical space-time, each fixed point is able to generate a mass m . 

A source of bound information a (y ) creates the space curvature and the 



corresponding information mass m^, and vice versa. By analogy a (y) we 



a (y ^k^ 1 . 1 1 I i Z /-1 I z^o . , 

get = 2 ’ which at m =m^/a, m = K I leads to 

k^ = I Ki . Both formulas for substantiate a direct proportion the mass 
and the geometrical curvature : 



(5.6) m=K’k° C = -^ = 

^ o m ^ m TyrO 



a 



64jrac; 



For an elementary energy equivalent e = we get 

=0.383- lO’^'^J/K-Cm/ J)\ta(y)=0.25. 

Finally, we have obtained the equation for cooperative force, which is analogous to 
a known equation for gravitation. The IMD concepts lead to a new understanding of 
the role and meaning of gravitation as a product of the information field that 
imposes a restriction on dynamics. 

Suppose, an imaginary information was brought into a neutral symmetrical field, 
where the possible positive and negative energies are balanced. Then the 
transformation of the imaginary information into the real information, which 
generates a nonsymmetry, could initiate a flow of debalanced energy, which would 
start a real physical process. This energy also transforms the information attraction 
into a gravitation. The IMD equations allow an existence of a macroprocess with 
negative (imaginary) time as a past time, and do not prohibit time travel from the 
past to future. Moreover transformation from negative to real time is accompanied 
by the creation of a negentropy while forming a real macrostructure at real time 
from the consolidated imaginary macrostates. These initial potential states (as a 
thought) before the cooperation are unobserved (according to QM), and can acquire a 
real meaning only after cooperation via this transformation. 

Therefore, the time travel of the unobserved imaginary states (only existing at the 
imaginary time course) to the future cannot be recognized. Is the time travel from a 
real time to a past time possible? According to the IMD equations, time is 
reversible within discrete intervals until a macrostructure is not formed. After the 
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moment of a new structure formation, time is irreversible. Because the structure is 
formed at a positive time course, travelling back to the past will dissolve the travel's 
structure, wWch could not reach the past. Theoretically, it is possible to form a new 
imaginary or even a real macrostructure by reaching negative time in a consolidation 
process at a negative time course. But this means that the existing structure caimot 
reach the past because it would be dissolved and then be reassembled as a completely 
different structure. This practically prohibits traveling to the past. 

The IMD conditions of forming macrostructures impose the restrictions on time 
travel, which is permissible by Einstein's gravitation theory. 

5.5. String Theory 

According to String Theory (ST) [23], the elementary ingredients of the universe 
are not point-particles, but rather one-dimensional filament like infinitely thin 
vibrating string. The resonant vibrating patterns generate waves and particles like 
the notes in a string's music. In the same way, a primary information string in IMD 
originates the initial wave spectrum, whose coherent frequencies join the interactive 
node into cooperative macrostructures. 

In the QM and ST, the interactive photon does not transmit a force, but rather a 
message of how a recipient must respond to the force question. The messageis 
content can initiate the particles gluing or moving apart. The 6 -controls in the 
IMD play the same role, while they provide an exchange of the elementary 
information units, which keeps together the controlled nodes. This 6 -control's 
quality appears as an analogy of an elementary gravitation action. 

The analogy of the gravitation field arises at the consideration of the IN cone's 
geometry. The curvature of information space changes depending upon the location 
of of the cone's vertexes. Between the vertexes, the curvature undergoes the 
microlevel's fluctuations, acquiring a violent twisted form. As in the ST, the notion 
of a smooth spatial geometry in the general relativity theory, is destroyed on short 
distances. Depending on a scale, the information space can be portrayed as collection 
of separated discrete dots, reflecting the IN's geometry. 

The IN's punched topology is transformed into one dimensional smooth topology 
of the singular fluctuations by the end of the cooperative process. The IMD provides 
a gravitation information analogy to the ST at both macro-and micro- scales and 
unifies the string's dynamics at the level of information interactions. The ST 
assumes that an elementary string is the smallest physical constituent of matter. As 
in the ST, the information strings and their interactive nodes occupy a finite space 
location, with a definite time of interaction, which contradicts to the point- particle 
interactions in a physical standard model. An information string can originate 
sequentially in real time and then in real space the macrostructures, with two 
possible time courses: the reversible continuous time-within time intervals (DP), 
and the irreversible discrete time-between these time intervals. The coherent 
information chain, embedded within each continuous time interval, generate 
collectively the entropy a^(y) , which create the irreversible time each DP, the 

curved local space fabric, and the equivalent information mass. Before the 
macrostates engage in the orderly coherent association, there is no realization of 
time and space. A nonmaterial information string's dynamics open a deeper 
information level of interactions of ^e laws of Universe. 
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The vibrating information string, we suppose, is a basic "God's letter-notes" to 
read, hear, and understand the elementary structure of Nature. 

The IMD uncertainty zone, related to the QM uncertainty principle, provides a 
border of a potential transformation of information into matter. 

5.6. Theory of phase transformations 

The physical meaning of discreteness reveals itself at the points of the phase 
transformation, where the physical parameters enable changing by a jump, creating 
the different forms of ordering. The mathematical essence of these mechanisms could 
be described by the equalization of the local eigenvalues of the kinetic operator and 
following then the Marcovian moment, which changes the operator time-space 
structure. This leads to a degeneracy of the linear operator and the jumps of the 
Hamiltonian. At the phase transformation, the random values become noncorrelated, 
and the process' dimension can be compromised. At these points, the kinetic energy 
and the energy of interactions reach the local minim um. 

The local extremum of the microlevel information entropy at the points of 
interactions represents the information meaning of the phase transformations. 

At these points, the dynamic macrolevel entropy coincides with the microlevel 
entropy, and both the eigenvalues and the local Hamiltonians get the extremal 
values. And at these points, the system possesses strong nonequilibrium states. 

The phase transformations of the second order are the physical analogies of that 
mathematical mechanism. Phase transformation is a result of a translation of the 
dissipative energy into the structural transformations. In the optimal model, the 
initial dimension n is changed with forming m=n/2+l new phases. The jump- 
changing peculiarities (defined by the operator jumps), create new elements. At 6 - 
locality of the consolidating points, two or more phases could co-exist, and they 
become identical at consohdation. Such points are critical. 

According to the Gibb's rule, the critical phase, which does not co-exist with the 
remaining phases (within n-dimensional system), has (n-1) degree of freedom. For 
the IMD optimal model, this leads to a number of the phase states m=n+2-(n-l)=3. 
Each new phase decreases the state number on 1, and the critical one decreases on 3. 
The triplet is an analogy to the critical phase for the considered structures. 

Forming three critical points creates the second-order phase transformation. 

5.7. Theory of Stability 

The VP defines the equation and the macromodel function of action 
(A*S = S{t, x) ) that can be used as a Liapunov function for stability analysis. 

Character of the subsequent movement depends on the control function, that 
symbolizes possible human activities. For an arbitrary control function, the 
succeeding model movement and a system stability, in general, are unpredictable. 

Applying the optimal control function makes such prediction possible. 

The optimal cooperative model is stable by Liapunov's criteria. 

The control, applied at DP(^’ ), changes the positive sign of the eigenvalues a.^ 
that provides the local stability at each extremal segment and executes the equality 
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An appearance of the new macromodel's properties corresponds to the bifurcations 
and a possible local instability. At the DP's locality, the character of phase' 
macrotrajectories depends on the invariant 7^ =detA(^,^), where the 

macrosystem's differential operator A =A(^, x) characterizes the differential entropy 
generated within an elementary discrete interval T- , which is an indicator 
of the macrosystem's structural stability. 

Depending on the A(t, x) specifics, the phase trajectories could be the hyperbolas 
with separatrices, the ellipses with point of attraction, or a toroid surface. A small 
random perturbation at the separatrice's locahty can generate chaotics with a possible 
Arnold's diffusion for a three dimensional system [1]. The macromodel's phase 
volume Vp is changing according to the equations at the DP: 

(5.7) Vp = div{A{t,x))= divSp(X^{t,x)), 

Aj expA;T,) 



(5.8)A; / dx{t)~ dX. / = 



(2 - exp(A,.T,.)' 






a^(y)expa(y)) 
Tf(2- exp(a(y)) 



= a(r)- 



For the optimal macromodel (OPMC), with the eigenvalues A.(t.) 
=a^ (t.) ( a- (Tj) =Re A^( ) ) at the DP and the function a( y ) , the above equation 

for Vp depends only upon . For the OPMC with growing (t) , the phase' 

2 

volume decreases in inverse proportion to . In such dissipative systems, a final 

state represents a chaotic attractor, whose dimension is less than the dimension of 
initial phase space. The instability, accompanied by the jump-wise transferring on 
other movements, Poincare resonances [1], leads to the divergence of phase 
trajectories with their following compression. Dimension of chaotic attractor at the 
DP's locality, is determined by the Moire formula [26]: 

(5S)d ,--^ — + <r,r-Xo;*, 

i=l 

where k is the number of nonnegative, m is the number of positive, and I is the 
number of negative O'. Liapunov's indicators, which are connected with the metric 



^ n n 

Kolmogorov-Sinai entropy Jt" [18]. For the OPMC, + /=—, and at 

2 2 



I O^ 1=1 O^ I we get = 



n 

— +2, which corresponds to the summary decreasing of the 



number of state variables for the n -dimensional model (with even W ) at the DP 
vicinity. At the final moment T, when the macromodel has a single dimension with 
one positive Liapunov indicator, the chaotic movement is possible. 
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Connection of the Liapunov indicator to the eigenvalue of differential equation for 
the corresponding dynamic systems follows from [1] in the form: 

cr^ = lim — InA^(Az), where t~nx is a long interval of observation of the 
n-*^nr 

dynamic system which could be divided on n small discrete intervals T . 

The considered random process can be identified by the correlation functions 
r-{x,n) that determines within each T -interval: 

dr ( 

(5.10) A,(T,n) = 

riir. 




Substitution the last formula into the previous formula for cr.(n) defines the 



dependency cr. (n) on a current observed sequence of a process data and a possibility 
of its direct computation. 

The condition of a process stochastization consists of increasing O'. ( n) >0 at O. >0. 



The observed process preserves its regularity at O^ =0, or at decreasing 0^{n). 
Applying these conditions to (5. 10) we obtain 

dh.{x,n) rdrAr,n)_,2r , .-.-i 

(5.11)- =[ ] [/-,( T,n)] 'so 

ax ax 

as the condition of regularity, and 

d\{x,n) ^dr{x,n).r , .-,-1 

(5.11') - — , 'f [r,(T,n)]'s 0 



dx^ 



dx 



as the condition of the process stochastization. 

Both the process identicators can be measured directly by the current process data, 
that imply the practical application of the control's applied methodology. 



5.8. Dynamic Systems Theory and Kolmogorov's 
Complexity 



The dynamic system is characterized by a spectrum of dynamic operator, which has 
a finite n-pair's sequence of nomepeating complex conjugated eigenvalues with 

multiplicator • Such a system is deterministic, but can be characterized by 

entropy S =a^ (y )n, where the invariants a^ =a^ (y ) and n=n(y ) are defined by 

the multiplicator y =y (y ). All n pair's eigenvalues can be represented by n 
random number; they are statistically independent and are equally probable. 

Moreover, this sequence of eigenvalues represents some minimal length program 
that prognosis's the dynamic processes of particular dynamic system, which satisfy 
the VP regularities. With other side, the number n of the independent (nonredundant) 
eigenvalues can be obtained from a pure statistical approach dealing with probability 
of observed processes and computing Shannon entropy that in an asymptotic is 
equal to the invariant (y ) at each DP. From that, we may determine y using 

y (y ), and the random number n of the eigenvalues sequence with the minimal 
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length of the optimal program. We come to direct connection randomness and 
regularities where regularities are expresses via the asymptotic entropy of 
randomness. The same entropy measures the complexity that depends on parameter 
y , which characterizes the £ -closeness of the eigenvalues. The eigenvalues' 

distance is evaluated by the uncertainty parameters , y . At y approaching zero, 
the informational difference between the nearest eigenvalues is growing, and their 
possibility of interactions increases. At y approaching 2.5, e=\- y.^ approaches 
zero, the information eigenvalues' spectrum becomes continuous, uncertainty 
disappears, and the trajectories unable intersecting. Ai h = 0 , this leads at to a 
regularization of the corresponding dynamic process. At growing h , uncertainty 
increases. At y >2.5, we come to e <0, and in additionally, some of the initial 
eigenvalues can change sign, that creates a nonstability at the beginning of 
cooperative process, and a possible future stochastization. The reason of changing 
the eigenvalue's signs follows from the condition of cooperation that defines the 
systemic invariant a ^ (y ). With growing y , the satisfaction of this condition 

may require changing sign of the initial eigenvalues. Increasing h may affect both 
changing signs e and the initial eigenvalues, with transforming dynamics into 
stochastics. The considered string of the n eigenvalues possesses some regularities 

in the form of a fixed value of multiplicator y . Because of that, the length of the 
minimal program determines the bits' number to compute y , which is identified by 
the channel capacity C^=a^(y and defines all operations on y to get the n 

string, including computation y , n, and the initial eigenvalues. 

A total complexity of the string with the n eigenvalues is evaluated by *5 =n . 

The above function of y measures also the distance of a particular string from the 
regular string (at decreasing h{y), and from the random one (at increasing h{y )). 

This distance measures the complexity of a particular code's sequence. The above 
entropy counts only the contribution in complexity from the dynamic operator in 
phase space. In the geometrical space distributed model, there is an additional 
influence y on the macromodel space structure that changes a resulting entropy 

effect. The macrocomplexity MC(n,y,k) counts both contributions from the 
dynanucs and geometry, and also measures the integral result of the minimal 
program algorithm, including its hierarchical organization. Increasing MC is 
accompanied by an enlargement of the hierarchy and growing of the system 
dimension. The optimal IN's network is formed from the mutual useful elements 
at the different IN's hierarchical level. The cooperating and superimposing actions of 
the initial local information discretus ("parents") can produce new information 
events and results (that carry more information than their "parents"), even though 
they interact only virtually. This property, measured by the MC-complexity, adds a 
new the space-dynamic information quality into the Kolmogorov's algorithmic 
complexity [18]. The MC-function evaluates the complexity of the minimal 
program that creates the hierarchy of the triplet's macrostructure. 

According to A. Kolmogorov's existence theorem [18], a continuous function of 
n variables is transformable into a continuous function of m = {n-l)l 2 
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variables. This result coincides with the triplet number in the IN, where the triplet's 
sequence models the initial spectrum's n -variable function, and the input and output 
triplet's information functions were defined in ch. 1.2.8. 

5.9. Chaotic Dynamics 



A vicinity of DP (where initial imaginary eigenavalues {t^), become real ones 

a. {t.) and consolidation and order takes place) contains a possibility of arising all 

kinds of chaotic movements [1]. Optimal consolidation is accompanied with 
forming the dynamic connections of the DP's enclosed attractors. For the optimal 

cyclic process with the final jS- , the invariant O (1.16), expressed via the real 
renovated eigenvalue a.^ for the given is (/3 ^^q)0=;t / 3. By evaluating 



O , taking into account the possible stochastization of the dissipative movements 
(with the real cx^q) Yo~^ 0, we find the indicator of doubling the bifurcations: 

jtO.23 






3* 0. 768048 •0. 097 ^^2 



s 4.665, 



which corresponds to the Feigenbaum's constant (0=4.6692) in the process of 
transferring order into stochastization . The O is analogous to the parameter of 
ordering for the phase transition of the second order, bringing an analogy of the 
discrete points with the phase transition of the second order in Physics. 



5.10. Nonequilibrium Thermodynamics (NT) 



The IMD defines the informational form of NT equations under the action of 
control functions. The entropy functional has an analogy to the Onsager-Machlup 
functional in the NT [12]. The IMD minimax principle is connected with the 
Prigogine's minimal principle [6,24], and the maximum entropy production at the 
DP initiates irreversibility, instability, cooperations, and arising of new ordered 
asymmetrical formations by an analogy with the Prigogine's dissipative structures. 
The IMD's irreversible macrodynamics and general information mechanisms describe 
the regularities of the optimal synthesis of information macrostructures, which are 
associated not only with Physics, but rather with the dynamics of uncertainties. 

There are many of the IMD connections with the NT's equations. In a particular, 
the Onsager condition in irreversible linear thermodynamics, as a consequence of the 

detail equilibrium principle and the condition of symmetry of the linear operator / 

in the equation X = IX, leads to the analogous IMD equation X = LX, where 
information speeds and information force are proportional, and the operator, 
generally, is an asymmetrical and a nonlinear. In a chain of superimposing 
processes, each subsequent process controls one or more of the following chain's 
processes with a possibility of changing the operator by the macroequation 

dx^ 
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connecting the chain of superimposing processes ( / -1,/ , / + 1) by the mutual cross 
phenomena (arising at the incorporation of the process' dimensions): 

dx ” 

al j=i 

The sequential superimpositions perform the control function depending on the 
state coordinate at the ( / - 1) DP interval: 

dx 

( 5 . 14 ) u^ = =X^, v^{t)=-2x^{t). 

at 

The applying of needle controls, described by the functions: 

( 5 . 15 ) dv{t , /) = -lx { /*,/) + 2x{f + 0 , 1 ) , 6v{I , t) = - 2 ^ l\t) + 2x{I +o, t) 

changes only the sign of the operator components without changing their absolute 
values. The extremals of the proper functional are the informational analogies of the 
solution of the irreversible NT equations with the Onsager conditions on the each 
extremal segment. The model's kinetic operator 

( 5 . 16 ) ))= ,/')) = = 






is changing by a jump at each time-space point {t ,/’ ) of the discrete control 
forming, where the equahty is true 






and g- are the subsequent equalized components of the generalized transient 

conductivity. The needle controls select them based on the condition of the model's 
controllability. The sequence of the chain dependable n -controllable components of 
these conductivities can be reduced to one controllable conductivity, for example, to 
electrical conductivity, whose measuring is the simplest [3]. 



The Hamiltonian H of the controlled process, according to the IMD equations, 
can be expressed via the electroconductivity CJ^ = CJ^ (f ) ai the DP f : 

(5.18) H=ll2d^al\ 

The nonlinearity of matrix L is a result of interactions, and it is an indicator of 
new effects and phenomena at the superimposition. In the space consolidated model, 
the diagonalization of the dynamic operator occurs under the periodical rotating of a 
symmetrical transformation [ch.2.2.4]. Such diagonalization decreases the number of 
components of the proper functional's Lagrangian, minimizing the entropy 
production. This means that the space movement directed toward the diagonahzation 
of the dynamic operator (as an attribute of the space consolidation process), is a 
source for the generation of an additional negentropy for cooperation. Physically, 
the discrete intervals are the distances between the diffusion barriers generated by 
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dx 

microlevel at the DP's d -localities [3]. The generalized forces X=(26) — are 

dt 



formed by stochastics and applied macrocontrols, which physically have a quantum 
(portion) character at the macrolevel interactions. 

The points of compensation diffusion and kinetics hold the chain coimection. 

The interacting processes form the spiral space chain of macrostructures based on 



their subsequent dynamic consolidation. The coefficients of kinetics , diffusion , 



and correlations T can be expressed by the model's invariants a^(y),AZ: 



(5.19) r; = expj'a'„rfr = expa„(y),r; = a'„expa„(y) = b^=l^, 

(5.20) r = exp(a„(y)«),A5' = lnr = a„(y)«. 

The physical analogy of Poincare's dynamic resonance creates a stochastic process 
arising at the integration of macrolevel's ensembles, accompanied by the 
microlevel's collective stochastics. Both of them are described by the corresponding 
probabilities and entropies. The control and superimposition are mutually 
complementary and can be formulated in terms of the theory of cross phenomena, 
which starts from the NT. IMD introduces the general information description for 
both the superimposition and the controls by revealing the information mechanism 
of cross phenomena as a source of data measurement and control. The physical and 
the virtual superimpositions, Poincare resonances, chaotic dynamics, and mutual 
controllability are the main mechanisms of cooperation. 

In particular, the IN's cooperative nodes model the integral phenomena of such 
superpositions as thermodiffusion, electrokinetic, electrochemical cross interactions, 
others (the detailes of which we are not considering there). The IN's code is created 
by the superimposing processes of different dimensions. The controls, generated by 
this code, can initiate these processes, which can leads to a self-organization. 



5.10a. The NT and IMD connections: Evolution process of 
the Earth 



Evolution process on Earth involves human activities, exploring Earth's resources 
and Sun's energy. These activities could slow down the entropy increases S^{t ) , 
predicted by the second law. 

The question is: What should be the actual tendency of evolution of the entropy 
S if) , satisfying thermodynamic equations? 

To get the answer, we apply both NT and IMD results. 

According to equation of irreversible thermodynamics, the considered total entropy 
S consists of two parts: the internal entropy S. , generated in Earth, and external 

T STS 

entropy , dehvered by human activities and from Sun =S^ + . 

s 

Assuming that is unchanging, let us evaluate the trend of . 

Generally, S.(t) must grow, but S^{t) can decrease. 

The entropy production also consists of two parts: 
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dS ! dt — dS^ I dt + dS^ I dt , where dS^ / dt > 0 , and dS^ I dt ^0 , or 
dS^ I dt ^0 . Actually, the entropy's difference 

t 

(5.21) ^S = S„{t) - S{t) =^{dS^ I dt - dS^ / dt)dt 

t o 

can be created by the distinction of relative entropy's speeds dS. / dt and dS^ I dt , 
reached by the considered current time t . 

The condition of local stability of the Earth evolution requires to keep a total 
entropy S (t) constant within some time intervals { t - }: 

k k 

(5.22) S{t,) = q ,s(f)= Jq(f,), t,_, <t^t,,AS = SM) 

i=l i=\ 

That is possible if the following equations are fulfilled: 

(5.23) dS^iQ I dt + dS^(t^) ldt = 0, S^(t) = C. - S.(t ) , 

where the total entropy plays a roll of Liapunov's function for stability analysis. 
This means, S(t) can grow only by a jump piece-wise trend, being locally 
constant during the discrete intervals { t ^ }, while the internal entropy (t) can grow 

continuously. The jumps can be created by technology "booms", connected with 
new inventions. The evolution is accompanied by concentration energy and entropy 
in a lesser volume, which increases the energy and entropy density and leads to 
increase of complexity. The S (t) can grow if both dS^ / dt and dS^ / dt continue 

to increases. The increase of the entropy production dS^ I dt >0 leads to decrease 
of the Earth's life-time discrete intervals{ t . }, according to the equation [3] and (5.3): 

(5.24) max dSft^) I dt -» min t^ . 

The difference AS may grow even each of S^{t) and S(t) grows. The above 

equations describe the character of curves S{t) ,S^{t) ,S.(t) , S^(t), S^^{t) shown 

on Fig. 1.10, where index a indicates the average value. The model's external and 
internal entropies satisfy above relations. The structure of the IMD control system 
(Fig. 1.3a) connects these functions with the model's information flows. 

The obtained results illustrate not only an example of the NT and IMD connections, 
but also bring a new understanding of the Earth's evolutionary dynamics. 

5.11. Statistical Physics and Equilibrium Thermodynamics 

The dependency of a number of elements N- on the quantity of information at 

each element's information level represents an analogy of Boltzman's 

distribution (as the function of the level's position from the macroelements 
settling). During the consolidation process, the N. at the lower information levels 
is increasing, which leads to a decrease in the analogy of Boltzman distribution 
function with increasing i. = (X.. This function is obtained from the known 
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functions cc^ = dftf) and N^ = The relative changes of the informational 

settling for each level are measured by the increment of the element numbers 

n^ = — that defines the increment of the quasi-stationary entropy: Ao, = Kf^n^. 

_ ^ ^S^ - _i 

The ratio of entropy to the energy increment, according to e. ~i : — — = {Qf , 

he, 

is in the inverse proportion to the absolute temperature 6. . The entropy depends on 
the element's numbers, occupying the information level and does not depend on the 
level's position. If the consolidation does not take place, then =const and the 
quasi-stationary entropy is growing linearly. At the consolidation, the numbers of 
the unboimd elements n. and S. are decreasing. The entropy equals to zero, when 
all macrostates are cooperated, but the macrosystem still has a finite uncertainty 
= h{n I 2 + 1) that corresponds to the highest m = (n / 2 + 1) hierarchical 
level with a finite inner energy. Therefore, the final cooperative motion possesses a 
finite disorder. Because n. and a- = (X. (^. ) are the same for all joining states, the 

disordered motion (within a zone of uncertainty) does not contribute to the thermal 
macrosystem characteristics. The probability of selecting a separated macrostate 
(spreading over the neighboring macrostates) is very low. A specific macrostate 

wanders within the macrozone of uncertainty . Each such a collective macrostate 

possesses the quanta of the entropy production /. = OL. (related to the quanta of 

inner energy e. ^ /^), which depends on the macrosystem dimension. A phase 

transaction is associated with a jump-wise changing of the relative number of the 
level elements, with renovating and ordering. This changes the distribution of the 
quantum states by the corresponding levels. By broadening that distribution, the 

thermodynantic probability P.-P.{e.) is squeezed, increasing the possibility of 
ordering. The probabilities of all cooperative macrostates occupying a given level 
are equal and identical to the corresponding microstate numbers P^=N^. 

Finally, the macromodel characteristics are the Boltzman distribution, quasi-stable 
entropy, and the quantum values for the evaluation of the level of disordering and 
settling with an entropy of quanta. The durations of the local unstable macrostates 
(at t. = (^ 1,^2 » ^ 3 )) are related, in average, as the ratios ! t^^2, ^2 . 

This result has been discovered experimentally for many nonequilibrium systems 
and still does not have an explanation in known physical models [25]. The 
informational model of superimposing processes creates the informational analogies 
of the quasi-equilibrium thermodynamic functions, as the potential and kinetic 
energies, the nonequilibrium thermodynamic functions: temperature, pressure, 
chemical potential, and statistical sum, which are identifiable on real object [3,19] 
using the definitions of the thermodynamic functions via the macrosystem 
statistical characteristics. It's presumed that all described connections of the IMD to 
physical sciences operate with the physical entropy as a material substance. 
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5.14. General and Information Science 

The VP for the information functional expresses a generelized goal, a potential 
desire to acquire a new information, which generates the model and controls 
initiating the renovation and creativity. A general science's quality goal is defined by 
R.Feynman as the ^'knowledge of science approaching the truth by minimizing 
the uncertainty between observations (as a contemporary justification of truth) 
to the actual truth.'' But because of the UR existence, ^e actual truth cannot be 
reached. This is related to the well-known Godel's incompleteness and Turing's 
undeciability as a uncomputability. Macrodynamics of uncertainties uncover these 
results from another point of view, which has a more general meaning for different 
sciences. An impossibility of revealing regularities or a complete order by an 
omitted of the accompanied randomness follows, because the process with a 
minimum-zero uncertainty ( y = 0 ) is located within the UR and cannot be reached. 

This also means, the considered object's shortest program as a minimal sequence of 
regular logic operations will never completely accomplish an object's task. 

Such logics will never be absolutely regular, shortest, and nonreduntant. 

Compared to Thermodynamics, which deal with the transformation energy and 
represents a theoretical foundation of Physical Technology, Information Science 
deals with a transformation of information, and can be considered a theoretical 
foundation of Information Computer Technology (ICT). CT includes, but is not 
limited to applied computer science, computer information systems, computer and 
data communications, software engineering, and artificial intelligence. 

In ICT, information flows from different data sources interact, creating new 
information products. Data are encoded in the IN triple's code, defined by a fixed 
length codeword (FL) as a virtual communication code [3]. 

The considered process of communications consists of exchanges of information 
flows between both the sender's and receiver's equal entropy's INs. The FL presents 
an optimal prefix code satisfying Kraft's inequality and transferring a current equal 
entropy data between the server's and receiver's INs. The equal entropy FL enables 
data compression and encryption. The applied software package can build the both 
virtual INs in the process of data communications. Communication channels and 
computer networks are a source of uncertainty during the transmission of 
information, as well as a computer while transforming information. 

Human interactions are carriers and generators of information. Informational 
exchanges create cooperative information structures. As in Physics, an actual IMD 
problem is the understanding of the general regularities of the information processes 
in terms of information laws, which can be applied to engineering and technological 
design, control, optimization, and the development of computer technology, 
operations, manipulations, and management of real information objects. 

IMD reveals the complex phenomena's structures, created by the superimposition 
of different interacting physical processes such as heat transfer, hydrodynamic, 
chemical, diffusion, and information processes including human activities. 

This leads to constructive methods of the modeling of a wide class of different 
technologies with superimposing processes. The existence of actual superimposing 
processes is associated objectively with the reality of the controls in Nature. 

Obtaining knowledge includes observation, which leads to the modeling and 
identification of the observed object and finally to the object's control, on the basis 
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of the chosen performance criterion. Actually, both observation and control present 
two sides of human interactions with the environment, which usually are combined 
in time. This is a necessary because of the possibility of the non-predictable 
changing of the object's characteristics and the control's impact can bring additional 
changes. The identification concept consists of minimizing the uncertainty between 
the object's prognosis model and the object's observation. 

Minimizing the uncertainty requires applying a control, which can extract a 
maximal information compensating uncertainty. An object's optimization consists 
of approaching a given performance criterion with a minimum uncertainty by 
applying an optimal control. This means that both the object's identification and 
optimization problems can be solved simultaneously by applying the same control 
strategy, directed toward the minimization of uncertainty (ch 3 . 1 .4). 

A sequential consolidation of the object's processes during the optimal motion 
leads to the object's hierarchical systemic structure being exposed. 

A constructive combination of identification, optimization, and disclosure of the 
object's systemic functions reveals the object's regularities on the basis of the IN 
and general IMD formalism, which also integrates a local discreteness. The IN 
enables generate a universal information code as a general genetic govemer of any 
optimal information macrostructure independendy on the science object's specifics. 

Finally, the IMD presents a unified informational systemic approach with a 
common information language for modeling, analysis and optimization of a variety 
of interactive processes including a human being. A unified systemic approach 
consists of finding not only a common language to describe different 
interdisciplinary and/or interdisciplinary concepts but also one, which can be equally 
applied to different local sciences. This could be considered as a general cross- 
disciplinary media/ substance, whose transformations create systemic regularities. 

The general substance is the energy in physics, which is used by many 
interdisciphnary fields and sciences, because of its generality both as the substance 
and the laws describing the transformation of energy-mass as well. The most 
common is the transformation of information as a nonmaterial substance, whose 
models in forms of computer algorithms and programs, could be implemented in 
different material objects, including a human being's thoughts, and languages. This 
implies a significant importance of the considered information transformations as a 
somcQ of general systemic regularities, which can be utihzed for different sciences. 

Hows of information, as a common substance, model a unified system. 

A unified language, terms, and systemic categories are a consequence of the chosen 
general systemic model. The IMD connections to fundamental sciences and the 
information analogies (ch. 1.4.9) facilitate translating the IMD model's categories 
such as information entropy, quantity of information, their gradients, information 
flows, and information mass, into the corresponding categories of energy, entropy, 
temperature, mass, pressure, chemical potential, thermodynantic flows, statistical 
sum, number of states per volume (as an Avogadro's number), structural entropy, 
coefficient of ordering in phase transformation, and other physical variables, along 
with the economical and biological categories. 

The IMD methodology evaluates the quantity, quality, and complexity of the 
information with understanding of the dynamic regularities of creation information. 
The IMD computerized scientific methodology and software package have been 
applied for the solution of practical problems in industrial technology, 
communications, artificial intelligence, biology, and macroeconomics. 
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li. MATHEMATICAL FOUNDATIONS OF 
INFORMATIONAL MACRODYNAMICS 

1. VARIATION PROBLEM FOR DYNAMIC 
INFORMATIONAL MODELING OF RANDOM PROCESS 

1.1. Initial Mathematical Models and Statements 

1.1.1. Basic models 

Model of microlevel process. The processes of interaction of microlevel stochastic 
elements are modeled by solving the n -dimensional controlled stochastic Ito equation 
[1], which is considered as an initial object : 

(1.1) d x,-a{t,x,,u^) dt+ a{t,x,)d I,, x^=t], t^[s,T]=A , 

s^[0,T]CRl 

where is an increment of Wiener's process during the time 

(^ - 5) on the probabihty space , CO GQ with the variable located in 

; Q is a discrete set of events,^ is a cr -algebra on Q , -P^{B) is a 

probability measure onW,BC.W , is a Borel's algebra in i?” , moreover, the 

function ^(^, •) is continuos on A : 

(1.1a) ^(?vco):(Q,^,PJ (C, Up,) ,C = C(A,P”) 

is a space of the n -dimensional, continuous on A vector functions, U is a C7 - 
algebra in C , generated by the all possible opened sets (in metric C ), is a 

probability measure on 7J : (lib) 

(A) = e A} = •, to) e A} , A C U , 

eA}C = 1; T) = r)(co‘) - 

is a random vector on the probability space(Q\^\P^ ) , co^ with the variable 

located in i?” , 

(Lie) , 

P^=P^(D)=P‘{to^r 7 (to‘)eD}=P‘{r 7 eD}, to* e Q*,DC)8, 
{? 7 GD}CW\ P^(xy=P^ {t] y= X}, xG P", d P^(x)ld x-p^{x)\ 

Xj. = x(t, O), T]) is a random process, considered on a family of the probabihty 
spaces (Q,^, P^)yOr on the probability space(Q" , ,F) , with the values in 
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= Pj^{B) is a family of the probability measures on 'P , B C W , which 
depends on JC Gi?" with the probability 

P^{x)-P^=P^_o-a)'' = {a},x),w”^Q\ Q”= QxR", Wx/3, 
fix DC W"; P(BxD)- 

is a probability measure on , which according to Marcovian property satisfies to 

the equation 

(Ud) P(BxD) =fP^{dx)P^{B)=fp^{x)P^{B)dx . 

D D 

For and we have accordingly: 

(Lie) 

where fJl^ = A), fl = jW( A) are the probability measures on U , AdU , 

which correspond to the process X^ in both cases: 

Px =Px(^)=Pxi^t eA}=F^{a):x(»,to,^)eA},{^, eA}C W, 

Ai = fx{A)=P{x^ eA}=P{to";jc(«,co")eA},{3c, eA}C 'P", 

Px(Q=i“(0=i- 



The function of diffusion cj{t,x) = |cr.^(^, ^)| ^ is a nonsingular operator, defined 
on A X i?” with the values Z_ (i?” ,i?” ) from the space of linear operators in : 
(l.lf) a(Ux):A A(/r,i?”),det a{t,x)^0\/{t,x) £A x/?"; 

at fixed A, the function a^(®,;r) is a twice differentiating by X G/?”, atfixed 
Jt: G/?” , the function CJy{ ^, • ) is a continuous, continuous differentiating 
everywhere on A , excluding may be the set {Xj^ , defined by apphed control ; 

(1.2) Vf e A . a,j(rx) EC'(/?" ) , I— K , K G(0, oo) , 

dXj^dXj 

k,l=l,...,n, \/xER\ cF^.(^,•)eC'(A^i^'), A° =A\{tXi- 



where C\i?” ) and C\ A^, i?^) are the spaces of the continuous differentiating 

functions on/?” and A^ accordingly with the values in ; 



The function of shift: u{t,X,u) = a” (t, x) is a controllable vector, defied on 
Ax/?”xC/, U C. If , r ^ n with the values in /?” : : A x R^ x U ^ R^ , 
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at fixed (t, u) G A X C/ , , x) 0A X /?” , function a{t,X, u) is a continuous 

differentiating by X E /?” , W Et/ , C/ = int t/ and has the hmited second derivatives 
by each of the indicated variables; at fixed (a:, m)E/?” xC/, function a(^,*,®)isa 
continuous on A and is a continuous differentiating on A^ : 



(1.2a) V(/,m) e A X [/ , a( «,;c, •) ^C\R\R"), K , 

dx^dx. 

\/{t,x) EAxi?", a,i**,u)&C\U,R"), \ ~ i,j=\,...,r ■, 

du,du, 



i j 



r ^n\ 



\/(x,u)BRr xU, a{t,»,»)ec (^,R')n C\^\R")=KC\A,I^) . 

Model of the macrolevel processes is a set of probabilistic trajectories 

def 

X^ = X (t , T]) in the space state with the random initial conditions x^ -7] . 



(1.3) jc,: Ax(R",p,p^)-*(R\P), x(t,.)BKC\A,R'‘)dC(A,R'') 
(mod P^), 



where KC is a space of continuous piece-wise differentiating on A, n -dimensional 
vector functions. 



The feed-back equation-control law. Control (W^) is formed as a function of time 
and macrovariables (;r^ ), which get averaged by (Q,W,P^), becoming the 
nonrandom with respect to set Q” . 

The control law is defined by the following feed-back equation: 



def _ 

(1.4) = U{ux^), (A X R") 



u, uePiR’^), 



where X^. satisfies (1.3), P(R^) is a Borel's algebra in r 



n. 



At fixed .T EP” , function u{t, •) is a piece-wise continuous by ^ E A , and at fixed 
? G A , function u(^,x) is a. continuous differentiating and has the limited second 
derivatives by X EP” : 



(1.4a) VxBR", KC{A,U), u{t,»)BC\A°,U) 

V(EA, M(-,x)EC'(i?",t/), 1 ^ = 

^x^^XJ 



J,i,J 
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The fulfillment of the equations (1.3, 1.4, 1.4. a) defines Mj as a piece-wise 
continuous function: 

def def _ 

(1.5) M, e KC(A,U), u. = lim u{t,x..), u_ = lim u(t,x ), 

k = 0,...,m, = 0r^=T (modP*), Lj=Lj (A ,/?"), [s,T]GA , 

where KC{A, U) is the piece- wise continuous on A functions, defined with 
probability 

From (1.2, 1.2a) follows that the Lipchitz conditions, the linear growth by 

, and the uniformity with respect io(t,U)E. AxUare satisfied with necessity; 
and the limitations (1.4) are correct. Therefore, according to [1], the solution (1.1) 

exists and is a unique on (Q,^,P^), (Q" , ^ ,P ), and at these spaces exist the 

moments of the different orders. The vector a(t,X,u) = (t,x) of the stochastic 

equation in physical problems defines the macroscopic speed of a medium (with the 
diffusing Brownian particles), which has a meaning of regular flow: 

(1.6) d xjdt=d''(t,x^), x^ = rj. 

Matrix a=0(UX) characterizes the peculiarities of a medium to conduct flow 

( 1 . 6 ) . 

Fimctions X ^ , X^. define the micro-and macrolevel's processes. Their values X, X ,ai 
the fixed moments of time, define the vectors of micro- and macrostates of the object 
(1.1). The variables, measured by some physical instruments, are X . 

The model of the programmable trajectories (as a task) at microlevel 
is given by the process that satisfies the corresponding stochastic equation 

(\.T)d x]=a^ (i,x])dt +o{t,t,)d x] = rf ,x] =x\t,(o,rf). 



P^=PliD)=P'{rf ED)=FV:r?'(0J*)e^}. = P^Wico^) = x}, 

d P^^(x)ld x=pI(x) ■ 

x\>,w”):iQ\^\P)-^(C,V,p'), fil=^il{A)^P^{xl^A}, 

fx\A)=P{x] EA}, {x] EA}CW", =l . 

At fixed ^ £ A , function a\ •jJC) is a continuous differentiating by X £/?” , and at 
fixed JT 0/?” , function •) is a continuous differentiating by t : 
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All other specifics are similar to equation (l.l),i,y,^ = 

The model of the programmable trajectories (as a task) at macrolevel 
is defined by the process 

(1.8) V A X (R\I3,Pj^(R\P ), V ec'(A ,/?”) 

(mod P^), 

where C^A , /?”) is the space of continuous differential on A , n -dimensional 
vector-functions. The corresponding regular flow at macrolevel is defined by the 
equation similar to (1.6): 

(1.9) d I dt= a (t,x,^)y x^^=rf. 

The difference in the distributions for the macroprocesses and Jt:/ has a simple 

physical interpretation: both the object and the control tasks are measured by different 
instruments. 

The equations in deviations. 

The micro-and macrotrajectories we consider in deviations from the programmable 
movements, which are given for the two-levels model by the appropriate tasks: 

(1.10) x*=x, - x], x,=x, - x^ 

for the micro-and macrolevel processes accordingly. 

Selection of is limited by the conditions: 

1) each of processes' , X^, measured on (C, U), is absolutely continuous with 

respect to other; 

2) the measure X^ coincides with the measure of X ^. . 

According to the first one, X^. will be found as a solution of stochastic equation 

with the same function cr (t, X ), (t,X)^A X as one in (1.1), and with unknown 
* 

drift a i.e. from the equation 

(1.11) d xj=a*(t,x*, Uf)dt+ o(t,Xt)d x* =rf , x* = x (t,(o,r{), 

rf = ri- r]=r]((a'), t] . (Q\^\P^)-*(R" ,P]), 

P] = P] (D) = P\m\vi\<o^ ) eZ)} =P^{rj*eD},DcP, 

{'n'eD}C^f\ pI(x)= p^{r)* = x}=P^{(o\r]\to') = X}, xBR\ 
d P](x)!d x=p](x). 

According to [1] the following equations are true: 
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Pl{x)=fP^(x + y)dPl(y), Ml[^]=f[^]P:{dx), 

R'^ i?" 

P*six)=Jp^{x+y)pl{y)dy, mJ[*]= J[*]a 

i?” i?" 

x\roy,x):(Q,^f,PJ^{C,V,^il), fxl=fil{A) = P^{x; ^A}, ACU, 
{Jc* eAic'P, 

x\>,(o ") : (Q", W" ,P) ^ (C, U,/^* ) , Ai‘ = (A) = P{i; eA} , A C U , 

{jc/ eA}cw", 

where [•] is a corresponding conditional mathematical expectation, 

^l(C)=lx\C) = l. 

Function a (t ,X ,Uj)=a^ (t ,X) with the control Uj=U(t ,X^ + X^ ') satisfies the 
same relations by 

(t ,X ,U)^A X /?” xUas a does. According to (1.10) we have 

(1.12) x,^x{t,rf), xp. A x(R",p,P*J^iR\P),x(t,.)^KC\A,l(‘) 

(mcxi P^ ). 

The points of discontinuity of the vector-functions J (f , • )» X(t,*)arc defined by 
the set{Tj^ }, k = 1,. .. ,m of the points of the control switching. At these points, we 
consider the one-sided derivatives: 

def def 

(1.12') x_ = lim x{t,-) ; = lim x{t,>). 

t-*Tk-0 t->tk+0 

Lacking of the explicit macrolevel's description brings for the consideration a wide 
class of dynamic macroprocesses as a subset of the piece-wise differential n - 

dimensional vector -functions ^ KC^(A X jR” ) on A=[s,T), X^R^. 

Model of disturbances is considered as an auxiliary random process (that is chosen 
as a standard process) 

(1.13-) C, =^(?,«>), C:Ax(Q,W,PJ^(i?",^), 

which models the perturbations at the macrolevel. 

The standard process is defined by the solution of the equation 

t 

(1.13) C =fa{v£jd^^, 

0 

and satisfies the conditions for mathematical expectations: 
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(1.13a) MjC1=M[C]=0=|0J'1i. 



where [• dco ; ) 

Q Q" 



1.1.2. An essence of the extremal principle 

By Feynman’s ideology [2], a measured process has to reflect some regularities 

of the controlled object. Numerous examples from physics show that regularities of 
deterministic and stochastic systems are formulated and formalized by some extremal 
principles [3]. This allows to assume that an extremal principle can express 
regularities of a considered system. Hence, the measured object's process might 
disclose the object regularities, as an identification tool, subordinated to the extremal 
problem. Modeling is based on disclosing the regularities by minimization of 
uncertainties in the observed object. For a random object, the most probable 
trajectories may approximate the extremals as the object's macrotrajectories. 

We formulate the considered extremal principle as a probability problem of 
approximating microlevel processes (X^ ) by macrolevel processes (X^) : 

{l.U)P ,=P{p^^{x,J,)<6}^ Sup , 4=Z^(A,i?"), 

Xt 

T 

xp q) - tp \'^ dt)^'^ , ((p,ip 
0 

, ^ . ^def __ ^def 

(modP^), u^E: KC(A,U), 

where L^(A , i?”), KC^(A , t/), KC(A , U ) are the spaces of square-summed, 
piece-wise differentiating, piece-wise continuous on A functions accordingly. 

The probability problem of approximating the programmable process X^ by the 
programmable trajectories X^ has the form, analogous to (1.14) : 

(1.15) ,x^)<d}^ Sup . 

Remark. For a better clarification, we will apply further one the following signs 
X , ^ ) to both lines for those formulas that are carrying over next line. 

1.1.3. The problem statement 



The problem is to synthesize the controllable macromodel X^{U^) that satisfies the 
equations (1.14, 1.15) and the following requirements for the probabilities: 
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(1.16) {pj^^(x,,x])<d}^ Sup , m(P^)^m(P^), 

Xt 

^4=-P{Pz.,(^/ + ir>^r)<^>> 

where m ( ) is the lowest limit of the probabilities , i =1-4. 

The equation j - Xj l> £}, £>0 can be joint to (1.14-1.16) as an 

additional condition, depending upon the requirements for the object. The relation 

(1.16) expresses the closeness of the control object to the task at macrolevel, and 
(1. 14, 1. 15) estabhshes the connections between the deviations from the tasks for the 
micro- and macrolevel processes. With some limitations (see ch.1.2), the fulfillment 
of (1.16) leads to the following maximal conditions for the probabilities: 

(1.17) F 4 =P{p^^(|,, x,)<d}-^Sup, 

Xt 

(1.18) P 5 =^{Pl,(s’ x,)<d}^Sup. 

1.2. The probabilistic evaluation of the micro- and 
macrolevel processes 

1.2.1 Basic results 



Definition. T he trajectory passes a locality of the trajectory ijj ^ with the maximal 
probability if the lowest probability limit of their closeness reaches the maximum: 

(2.l)P{p^if,,(p,)<d}^Sup,\/d>0,(p,^KC\A,R'‘),ip,ECiA,R'') 

<Pt 

and the upper probability limit of their distantness (as a measure of the process's 
separateness) reaches the minimum: 

(2.1') P{p^(tj),,(p,)^ dy^Inf, V6>0, 

fPt 

Depending on the considered distance in the C - or - metrics (p^ , p^^ ), the 
evaluation (2. 1) has meaning of the C - or L2 - closeness, and the evaluation (2.1') 
has a meaning of the C - or L2 -distantness. The relationship between the considered 
probabilistic evaluations follows: 

T T 

5 ^ i=l 



X 
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T 

s ^ i=l ^=1 

T 

[f m|K(Y( ^,(t)- cp^{t)ff'^ X max {S{^^{t)-q)^{t)ff^dtf^^ 

J tEts " tEA " 

s 1=1 1=1 

=max (Y( ^,.(0- (p^{t)f dtf^ X {T - sf^^Pc(ip,,(p,)iT - sf^ , 

^EA -4^ 

1 = 1 

iPc(^t>(Pt)<^}^iPL^(^t^(Pt)(T-sy'‘^<d}-, 

P{Pui'^,>(P,){T-sy^''^<d}^P{p^^{ip^,(p^)<d}- 

PipL2(^t’fPty<^y^p<-pc(ft’ fPt)(p - sy''"’ <^ >• 

Because the C-closeness is stronger than -closeness, we consider the C-closeness 
for the evaluation (2. 1) , and the -distantness for the evaluation (2. 1') . 

Using the relations (1.11, 12), ( 2.1,1') and the triangle inequalities, we arrive at 
Lemma 2.1. T he problem of evaluation of the lowest probability limit of closeness 
of the controlled process {X^{u)) to the standard process (^^) at the microlevel is 

reduced to the following evaluations, connecting the micro- and macrolevel processes 
to each other: 

(2.2) Pj =P{p^{X^X,)<^}^Sup , 

Xt(u) 

(2.3) Pj =P{p^(x,,x, )<6}^Sup , 

Xt(u) 

(2.4) P3 =P{p^X, x,)<d}^Sup . 

Xt(u) 

The proof follows from the triangle inequality for the relations and the condition 
(2.4') p^{x,X,)^Pk{x^^x^ )+p^X^,xXiPM. 

{( ( X, , X, )+ ( C, . xj)< 6 } =2 {pA ( . Jr, )< 6 /2} X {p^ ( C, . X, )< 6 /2}. 

For the independent events: )<6/2}, {p^(Cr» )<^/2} and an 

arbitrary 6 >0, we come to P^^ and then the conditions of maximization 

each of the probabilities (2.3,2.4) follows. • 

Lemma 2.2. Let's introduce the function =y(t X):A X (/?” , j3 , P^) 

(R ,j3), y(^ ,• )^ZTC^(A , jR”) (mod P^), assuming that the equation 

(2.5) y^=y^(a)'):(^\^\P') -*(R\ P ,Ps)-, d Pjd x=pXx), 
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is trae and the ftinction satisfies the equation 

t t 

( 2 . 5 ') y=%+ % ,ujd v + facv, y^)dC„, 

s s 

where y^=y^ (CO'): (Q\ w\P^) ,PJ, d Pjd x^p^(x), y = 

y(t,co,x), y(-,co,x):(Q,^,PJ^(C, V,fil), p,l(C)= p.^(C) = 1, 

j(*,co"):(Q ,W ,F) ^ (C, U,jU^) , to ", and the function 

withq: A X i?" X U”^ /?” satisfies the conditions analogous to ( 1 . 2 ) for 
a^=a^ (t ,X). Then the following probabilistic evaluations are satisfied: 

(2.6) P{p^(y,,y, )<^>PApA(yt>yt )<^>; 

(2.7) P{pA%A, PAPAyt-yt>ys-ys)<^y’ ys^ys< 

( 2 . 8 ) P*=PADs) (y)P,(x+y) d y)d x; 

D, fi" 

,D^=K(0,6>{x^R": llJClkS}. 

Proof. Using the Marcovian property for =y ^ , we have 

P{pA(%’y,)<^}= Jd p,(ys)hiPA(ynyt)<^y- 

K{ys,d) 



Jt(y)Py{PAOt’y, )<^}dy= 

K{x,d) 

= p(y-x)PAPAyt>yt )<^}d y=PAPA(y,At )<^>; (^. y 



K(x,d) 



where 6 ( JT ) is the n -dimensional delta-function andK( .T , 6 ) is a ball, opened in 
; both of them have a center in JT £/?” : 

^ n 

K(X, 6 )={ y _ Xll <6 }, with lly-.rlK^( J,. - .T()^)*^^. 

1=1 

For 5 ^ , P^ ^ P^ y using the triangle inequality, we have 

PAiytA, PA^tAt+ys- ys)+pA(yt>yt+ys- ys>pA(y,’yt+ys- ys)+ 

n 

+PA()’.-y..o).o=|oJ"_j, PA(y,-j,.o)=b- 4 R, = (2) ’ 

i = l 

{pAa.>'f )<^}=^{(PA(yt>y,+ys- ys)+pA(ytAt+ys- ys))<^}A 

=!{{Pa()'/> 3 ', + >'. - )’.)<^/ 2 }{p^(y^ - 0 )<a/ 2 }}. 

PiPA^tAt )<^}^ ^«PA()'r-J,+}'.- >’.)<^/ 2 }{p^(j,- };,, 0 )<a/ 2 }}. 
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The events {Pi,iy,,yt + ys ~ 1'^} and {p^{y^ - y^ ,0)<6 12} are 

independent because the first one does not depend on j3 , and the second one has been 
defined on . Then, because d >0 is chosen arbitrary, the relation follows: 

P{P^(yt^yt )<^>^ P\B,')P^{p^(y,,y,+y^~ y^ycdy, y,^y, 

where B, <={ (O ':{ p^(y - y, ,0)< 6 }C 'P' . 

According to [1 1] we have the equahty (3^}= P^(Dg), where the last probability 

satisfies (2.8). Finally we get (2.7). • 

The lowest evaluations (2.6,7) distinct only by the multiplicator, responsible for 
closeness of the initial conditions. We need to evaluate the right-hand side of (2.6,7). 

Theorem 2.1. T he probability of the evaluation of closeness to is defined by 

(2.9) P{p^{^,,% )<dy=P^^{p^(^„(p, )<6yP,{p^(^,,(p,)<d}^ 
s P^(Bg)ecxp-{(S{(p,)+[2S((p,)il - e)‘‘f 

cp, e KC\^ , R"), C ec( A , R"y where 

T T 

(2.10) S((p,)=l/2j’ dt=ll2p^,\^ dt ; (p^=0, ^^=0, 



n 

andl<p,P=2<p."(0, ee(0,l), Bg^(O-.{p^{^,,0)<d}}C.^ . 

Proof. Let (p^ =- q)^ and assume that the measures (jU^,jU^ ) of corresponding 

functions ( , ^^ ) on ( C, U ) are absolutely continuous with respect to each other. 
Then according to (2.6) we get the following relations 

^0 ^Pa ( ^ ^ Pa ( Cf ’ ^ ^x=o ^Pa ( ^ ^ 

=Po{p^((p,,o)<a}. 

Using the Radon-Nikodim theorem [1] and the relation for the density measures [4], 
we come to the equality for considered probabihty 

du^ ^ 

Bs Bs s 

The last relation equals to the following expression 
(2.n)^xp-(S(ip,)Jexp[-'2jcp^{t)dUt,(o)]<d]Po{da)), 

T 

S((p,) = l/2j\q)^\^ , 



where Bg={a) :{p^(Cs > 0)<() }C W , and are the measures for , q), on 

(C,V). 
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We evaluate the second co-multiplier in (2. 1 1) by Chebyshev's inequality: 

(2.12) Fo{r7(to):sa}^Mo[/(r7)]//(a), 

where Tj{(o) is a nonnegative random variable, ft) ^ Q , 

>/[•] Poidoy), 

Q 

/ (v) is a monotonous increasing on function, s ^ . Let us assume 

def ^ 

(2.13) rj(to) = exp[-J (<p,0]A {B, )], 

s 

{ l,coES^ 

Remark. Using the relations 

def 

P,{p^{%,0) < 6}= CPt{d(o),B,={p,i^„0) <d}. 

Sis 



fx^iA) = P^{w. C,co) EA}, A C W , 



and the formula of changing the measure in integrals [8], we get the following 
representation of the above relation 



jA(4)P;(t/to)=jA(B;)P:(t/co)=fA(4)^(^,(.,to)).* 

Assuming (2. 13), we get f(a )=a and according to the relations (2. 12) we have 



def 

Jrj(a}) Pgdco^a Pg{^.(B^) rj(a})^a},{A(B^) Tj(a})s:a} = 

def 

= {(0.(0 E B^ -,rj{(o)^a}={(o:(o E rj{(o)^a}, 

def 

P^{k{Bf) if(o)sia}= Po(B^)P^{r]i(o)s:a\B^}, 

where Pq {rj((o) ^ a\B^ }is the conditional probabihty of the event ?7(ft)) ^ a at 
the condition (the independence of events { ft) : ft) ^ B^ }and{ ft) : rj(co) ^ a } 
not assumed). 

Then, taking into account the relation (2. 13), we have: 

T 



(2.14) J exp[- J <jb;(/)C ^Podo) a: Pq )exp[- (2S(<p,)) 



1/2 ,, ,-1/2, 
(1-e) ]x 



X Po {exp[- J (p,( ]S: exp[- (2S( (p, )) (1- e )‘‘'']l B, }. 
Since V P C W : Pq (P 1 5^ )=1- Pq (P I P^ ), P =Q I P , 



we assume 
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T 

5={exp[- J ]sexp[- (2S(<^,))‘'' (1-f )'''']}= 

T 

s 

Then we obtain the relations 

T 

(2.15) fi ={exp[-J* (p,(0C ]^exp[-(2S((p,))''" (1-e 

S 

T 

s 

T 

(2.15-) P,(B\B,)=1- P^{[- fq)^(t)dCt]^[-(2S{(p,)f\l- 

For the evaluation of Pq (JB I ) we are using a generalized Kolmogorov' inequahty 
for martingals, and also the peculiarities of the stochastic integral [1]: 

T 

(2.16) P^(B I )^Po{|J(p;(Of/C \^(2S((p,))^'^ (l-e)'^'^]\B^}^ 

s 

T 

^(1- e)l2S{(p,)x Mo{[J q),{t)d^,f\B,Ml- e)l2S{(p,)x 

S 

T 

X Mo{ll2p (p/ dt I B^ }=1 - e ; M{11 }=1 - e . 

S 

From that, by using the equation (2. 15) we obtain 

T 

(2.17) Fo (B\B, P, {exp[- j* 

S 

^cxp[-(2S((p,)f\l- . 

By the subsequent substitutions of the obtained relations we come to ( 2 . 9 ) . • 
Let us use the equations (2.9, 2.10) for the evaluation of the lowest probabilities 
limit (2.6, 2.7). Assume we might construct an operator (or a family of operators): 

(2.18') G^:C(A,B")^ C(A,B");G^:is:C ‘ ( A,i?") ^ ‘ (A,/?") , 

which reflects on (one-to-one in a probabilistic meaning) and (p^ on (one- 

to-one in regular meaning) accordingly, and satisfies the following relations 

(2.18) G/.C,^j„P,{G,C=jJ = l, 

(2.19) G^: (p, y „ , G^(p, = y,, , G;^x:y, (p , , G; y, = % , 

where GJ^-Q^ is an inverse operator on KC^(A,I^) at (^x yt)t=s Vs . 

Then the following proposition is true: 
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Lemma 2.3. I f the transformation (2. 18) exists, then the lowest probabilities limit 
(2.6, 2.7) can be evalnated by the following relations: 

11/2 ^ 

(2.20) P{p^(y,,y,)<d}^ Po(5,)eexp{- 5(y,)+[25();,)(l- e,) ] },y,=y,, 

(2.21) P{p^ iy,,y,)<6}^ Pi - S{y, )+[2S (y, )(1 - Cj ) '* ] }, 3 ;, y, 

r , , 

(2.22) ^ (y, )=l/2 f -( G,- V, f )dt . 

S 

Proof. Using the relations (2. 18, 2. 19) we may write (2.6) in the form: 

,G^C, )<5}. 

iP&(Gx (Pt>G^ Cr)<^}=^{ 

^Pa Jr ■ C ^ "c >> 

where IlG^II^ is the norm of inthe subspace C=C( A, i?”). 

Because 6 >0 is chosen arbitrary, we have 

(2.23-) {p^{G;^ , C )< ^ /II GJI J=Kp^ (G/' C )< 5 }. 

(2.23) P, {p^ (y, ,y,)<6}^ P^ {p^ (G/' y, , C )< 5 >= Po {P a (G,"' y,,^,Xd}. 
From that, by applying relations (2.9, 2.10) for the evaluation of the right-hand side 
of equation (2.23), and taking into account the relations (2.6, 2.7), we come to (2.20- 
2 . 22 )®. 

Because the C-closeness is stronger than -closeness, the obtained lowest 
probability limits (2.20, 2.22) are also satisfied for the evaluation of Z.^ -closeness. 
Lemma 2.4. The operator, created by the solution (2.5'), satisfies the relations (2. 18, 
2. 19), and the function (2.22) has a view: 

T 

• • 

(2.24) SO;,)=l/2 f(y,-q(t,y^,u^)f (2b(t,y,y\y,-q(t,y,,u,))dt, 

2b -a . 

Proof It is naturally to choose G^ as an operator that is created by the solution 
(2.5'). The solution is continuous with probability 1, which exists and is a unique. 
Then the G^ reflects C(A,/?”) on itself with probability 1, and relation (2.18) is 

fulfilled (because any two solutions (2.5) at the same initial conditions coincide with 
probability 1). 

The operator G^, on the subspace C(A,i?”) of the space ZTC^(A,i?”) , defines 

the reflection into y^. as a solution of the Vol terra second order 

integral equation [1] : 

t 

(2.25) y,=y,+f[q(v,y^,uj +o{v,yJ(pJd V , 
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that exists and is a unique on KC^ dX the introduced limitations of the considered 
functions of drift and diffusion. The has also an inverse operator on KC^ , its 
explicit form follows from (2.25): 

t 

(2.26) G/^y,=(p,=f a\v,yj{y^-q(t,y^,u,))d v . 

s 

Therefore, the relations (2.19) are satisfied with the operator G^, created by the 
initial object's stochastic equation. • 

Ass umin g the sequential fulfillment y^= Jr y^= , we obtain from the 

relations (2.20, 2.21, 2.22), as a result, the following estimators (2.3, 2.4) in the 
forms 

T 

(2.27) P^(B,)ecxp{- S^(x,)+[2S^{x,)(l- e)-'f^},S,(x,)=fL, dt , 

s 

(2.27') Lj= \!2{x- a (t,x)Y (2b{t,x)y'^ (x- a“ (t,x) , 

(2.28) P 3 S P/(D,) Po(fi,)eexp{- 53(x,)+[2^3(Jf,) ( 1 - e)'']"'"}, 

T 

S^(x^)=^I^d t, L^=l 1 2x^ (2b{t,x)y^x . 

s 

Theorem 2.2. T he lowest probability limit of the evaluation probability (2.2) is 
defined by the relations: 

* - 11/7 

(2.29) P,^ (D,) P^(B,)ec:qp{{- S,H2S, (I- }, 

T T 

(2.30) 5'i =A4 [J L^dtyj dt , 4 =l/ 2 a “(/, xf {2b{t,x)y^ a“{t, x ) , 

s s 

moreover, the equation (2.30) coincides with the conditional entropy of the processes 
Xj. related to (or with the entropy of the controlled processes defined with the 

respect to standard one by the transformation X^ ): 

(2.3 1) 5 (i, / C )= M, M ^ to, ^))]"' >=^i . 

dPx 

Proof. By analogy with the relations of Lemma 2. 1, we may write: 

(2.32) P, =P{ p^(x,.^)<d }=P{ (i, *,0)< 6 

^ P* (D,)P^{p^(x,*- x^y 0)<6 }, 

* 2 

where . Because the measures and of the processes ( , ^^ ) are 

mutually continuous, we may apply the Radon-Nicodim theorem for the last 
multiplier in (2.32): 

(233) P^{p^(x,*~ x^yo)<6y 
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/ dul * 

^{x P^(d 

According to [8,11] and the previous results, the following relations are fulfilled 

(2.34) C)]; S,=S,(x,*), 

d^, '’s 

T 

~ ^ 

(2.35) Sj =1/2 Ja" Y (2b{t,Xj )y^a“{t,Xj )dt\ 2b=o . 

s 

For the evaluation of (2.33, 2.34), we use the relations (2.12, 2.13) by exchanging 
the symbols Pq , Mq with accordingly, and assuming 

dlli 1/9 

(2.36) T](co) = -^(x (-,co,x)), a=cxp-{S,+[2S, (1- e)’']"'}, 

dp, 

C231) f(»7)=r7. 

Then by analogy with (2. 14) we obtain for (2.36, 2.37) the inequalities: 

(2.38) P^ip^lXt*- X,*, 0)<6}^ P,(fij,)exp-{.^i+[25i(l- £)‘']'''}x 

T 

X P^ {exp[- (^J +J' (a( t, X* )y^ a"( t, X* )d 

s 

a:exp{5i-[25, (1- ey^f^y. 

For the evaluation of the first co-multiplier in (2.38), we are using the equalities 
(2.38a) PAB,sy P, {Pa(1 ,0 )< 6 }=P{ p ,0 )< d }. 

SupposeG^^Q =Gq is created by the transformation G q Cr • 

Then because Gq 0=0 and 6 is arbitrary, we get 

(2.38b)p^ (1 ,0)=p , Go 0) ^ II G„ II, p^ ( C, .0); 

{p^ (1 ,0 )< 6 }=! {II Go II, p^ (C ,0)<6 )= 

={p JC, .0)<5 /II Go II, }=!{p^(C, ,0)<6 }. 
and the equality follows 

(2.39) P, (fi,, )^ P{ ( C ,0)< dy^P, {p^ (C ,0)< d^P,(B,). 

For the evaluation of the last co-multiplier in (2.38), we apply the following 
inequalities 

T 

(2.40) D={exp[- (S, +f (a(t,x* ))' a“ {t,x* )d^,y\^ 
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={- [iS^+f{a{t,x*)y'a{t,x*)d 

s 

T 

ri{(- fia(tX)y'a(tX)d C)}^-[25i(l- £)■']*'" }=AB, 

s 

(2.41) (D)^ (AB)=1 -P^(M\ (A,B,D)C F, 

AB-Q \ AB,i4B={to:to EA} n {to: to EJ5}. 

Using the duality principle in theory of sets in the form 

(2.42) AB=({to EA} n{to E.B)-={to EA} U {to E:B}=A + B 
and the relation (2.42) in the form 

(2.43) PJA + B)=PaA +PaB)~ P^A, B), 
where 

T 

(2.44) A=i- \ Sj, B^- ^ia(tX )y^ a (tX)d 

s 

[ 25 ,( 1 - £)■']''"}. 

From the relations (2.41-2.43) follows that 

(2.45) P,(D)^1- [P,(A)+P,(I)- PAA,B)1 

Using the initial equation (1.1) and the (2.35, 2.44-), we obtain 

T T 

f (o{t,x* ))■*«“ {tX )d C=f (xr(iX ))'*«“ (yx* ) X 

s s 

x[(o(t,x*)y^d (a(t,x*)y^a‘'(t,x*)dt]= 

T 

=f{2b{t,x*)y^a“{t,x* ) d y, -25,(x* ); 

s 

ait,-), a"=a"(f,-), b^b(t,-)=ma(t,-)a'^ (t,-) , 

T 

PK- J(2&(/,^*))'V(f,i*)t/ j,+25i(x*)^- [25,(^*)(1- }=) 

s 

T 

=J{iVlA>=!A, iV={(- ^{2b{tX)y'^d‘{tX) d y,)^ 

s 

~ ~ - 11/7 — 

{2S,(X, )+[2S,{x, )(1- £)■']*'"}, iVCF. 

From that, the relations follow: 

(2.46) _A fi = {toE A}n{(o^B}={(o^ AyA - 
B=A’P^(P)^l- P^(B). 
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For the upper evaluation of P^{B) we are using (2.43, 2.36, 2.35) and the 
Chebychev inequalities in the form 

T 

(2.47) P,(B)<. {Ij {o{t,x* ))■ a" {t,x* ) ^ [ 2^1 (1 - e )■' ] (1- e )x 

s 

T 

X Mjf{o(t,x*)y^a(t,x*)d ^/]I2S^=(1- e)x 

S 

T 

X M^[\^{a(t,Xj )y^a{t,x^ d /]/25j=(l- e). 

s 

After the substitution (2.47) in (2.46) we obtain P^(D)^ £ . 

From this and according to (2.32-2.35, 2.38-2.40) the result (2.29-2.30) follows. 

The functional (2.30) coincides with the definition of the conditional entropy [5]: 
(2.31). Using the relations (2.34, 2.35) and 

T 

[/ (t,X* ) d C, ]=0, we get S . • 

s 

Theorem 2.3. If the transformations (2.18, 2.19) satisfy the relation (2.23), then the 
absolute minimum of the upper limit of the probabilistic evaluation of the L^- 
distantness: 

(2.48) P{p^ , y,)^ 5 Inf ,y/d >0, 

fPt 

is reached on the solution of the equation 

(2.49) y^=q(t,y,u). 

Proof. To evaluate the relation (2.48) we apply the inequality (2. 12), which according 
to the transformations (2. 18, 2. 19) has a view: 

(2.50) P{p^ (j, , 3 ;, )^ 6 1/ 6 ^M[p^ " {y , , )]= 

reA=(s,T); 6 > 0 , y,=}5,=0, 

where is the Lipshiz constant for operator G^, and (T-s) -mes{^). At the 
limitation imposed on the stochastic equation, the can be expressed via the 
Lipshiz constants for q, cr . 

The Mq [•] =My^Q [•] is an operator of mathematical expectation (M), corresponding 
to the probability measure P^ on the CT -algebra created by the deviations 

The fulfillment of (2.48) at conditions (2. 18, 2. 19) leads to the problem: 

(2.51) Mo[p^/(X,X)]^/n/. 

(Pt 

For the solution of the problem (2.51) we are using the relations: 
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(2.52) M^ [•] = lim [•]; 

Ci Qs+h 

[PZ -2 »=/ Pl 2 ' (C > Vt)Pi- >f Pu ' (C ,%)Po(d (0)= 

=M)[Pi 2 [Pi/(C„ <P„)], i; E[s+/i, T], 

Then the problem (2.51) consists of minimizing the right-hand side of the last 
equality. Since h is arbitrary chosen, let us assume (s+ A ^ G A . Then we get 

T 

^£,tPL 2 ^(Ce-‘Pe)]=^£[PL 2 "(^ 0 ><P 0 )]=^£[/ 1 ^ 0 - <Pel'^ 0 ]=M(C-O; 

S 

©E[?,T], ^ , where the function M(^j ,f) satisfies the equation [6,7]: 

(2.53) - d did /=1/2V 1^ ; 

,1^ X A),l»l^=ll»ll^„. 

1 = 1 

This equation for the function M is connected with the problem (2.51, 2.52): 

(2.54) Mjp, ^(C 0 ,<Pe)]=lim u(^,,t)=d(s,0)-* Inf ; C {t=s)=0. 

tis (ft 

For the execution (2.54), the solution of equation (2.53) should be obtained. 

The solution of this equation (that is not considered here in details) has a view: 

T n 

(2.55) d(^j)=fJ^((p. (t) - fdT+n/2(r- o' , 

S 

^ n 

(2.56) lim u(C,,t}=d(s,0)=r^(q)ft)fdt+D/2(T-s)^=\i(pJll^ +n/2(T-s)^ 
and the problem (2.55) is reduced to the condition II <pjlj Inf . 

<pt 

From this follows %=0, E(s,T). 

The last equahty (according to (2.26)) can be executed on the solutions (2.49). 

To prove this result it is not necessary to obtain a solution (2.53) if we write the 
condition (2.54) in the form: 

(2.57) lim Mo [p^/(C, <?,)]= H [II 1=11 ■ 

We will show that at the condition ^ =0, we obtain the same result. 

Indeed, using the triangle inequality we have 

=Hp^a-y,,y,-y,)<6l2}x{p^^i%-y^fi)<dl2}={A}{B}; 
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def 

{pL, (y, . y, )< ^ }5= ; {AX5} = QxQ'\ {AKB}; 

{^}<pL^ (y, -y.<yt-ys)^^ / 2 >c w , {S}-=< (y, - y, ,o> 2 = 6 / 2 >c 'P* . 

Using the relations (2.42,2.43) at ==P, we obtain 
(2.58’) nPL, + ^=F{A}+F{M - p{^. 

From that, because ^ and are independent, it follows that 

(2.58) P{p^^ (y, . Jr) 2= 5 }:SP{A}+P^-P{A}P{^=P{1}+(1- P{1})P{A}, 

where P{A} is the probability of the considered event (y^=y^ =0, mod P^). 

Since the function (2.58) is increasing monotonous with respect to P{A}, then its 

upper estimator is defined by the upper estimator for P{A}, and this estimator can be 
foimd from (2.58). 

Beside this, the only y^. is covered by P{A}, and because of that, finding the Inf of 

yt 

the upper limit of the probability (2.50) is reduced to the Inf of the upper limit of 

yt 

P{A}. (At that case, 0^=0^^^, Ky=Ky^Q ). 

Therefore, the upper limit of the probability (2.50) has a minimum on the solutions 
(2.49) independendy on the values . (The numerical values of these limitations 

are different in the cases of 5 *^ , and y^ =y^ accordingly). • 

Corollary 2.1. T he solutions of equation (2.49) pass the locality of function 
y^ £C( A, i?” ) with maximal probabihty (according to the considered definition). 
Indeed, the problem of maximizing of the estimator (2.27) is reduced to the condition 

T 

(2.59) min ^20’t)=min fL^ dt, l2=l/2(j -qf (2b)"‘ {y-qX 

yt yt 

s 

that is fulfilled at y =q (t,y,u). As a result we obtain the relation 
(2.59')P{p^^{X,y^)^d}^m-*Sup-, P{Pi,,(J,,y,) ^d}^m^Inf \ 

y=q y=q 

i.e., the solutions (2.49) become the nearest to the most probable solutions (in the 
-metric) by the upper evaluation (m ) as well as by the lower (m) evaluation of 
the above probabihties. • 

The evaluator (2.3) reaches a maximum on the solutions of the equation X= , 

and because of that, the problem (2.2), (2. 28) consists of the execution of the 
condition 
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T 

(2.60) min •Sj(JCj)= min fL^dt, L^ = \l2x {2by^x , x-a“(t,x)^0. 

Xt Xt ^ 

s 

The condition (2.60) expresses the problem of minimizing of the entropy functional, 
defined on the macroprocess. According to the relations (2.31, 2. 2-2.4), the problem 
(2.2) is reduced to minimizing the object's functional of uncertainty. That leads to 
revealing the regularities of an observed object by modeling the object's 
macroprocesses using the functional's extremals. The essence of the probabilities F 2 
and P 3 nearness consists of connecting the micro- and macrolevel processes by their 

abilities of approximating the disturbance ( ^^ ). The P 2 and P 3 nearness is executed 

as their probabilistic closeness to some lowest limits. 

As a result, the macrolevel process that approximates the microlevel process with a 
maximal probability (2.60), enables us to minimize the entropy functional for the bi- 
level (micro-macro) structure of the object's processes. The problem is solved by 
fomung the dynamic macromodel of a random object, where the second order 
derivative is a source of uncertainty. • 

Lemma 2.5. E xecution of the conditions (2.2-2.27-2.29) leads to the equation 

/1 n3 

(2.61) ( 1 -^) , 

that at G(0, 1) , S>0 corresponds to the maximum of the function 

2S. 1/2 

(2.62) f(;c = e)=£exp [-( — -) ] -> max S^>0, i = 1,2,4. 

1 - ^ ea;o,i) 

Proof.. Let us introduce the function 

2-5 1/2 

(2.62a) f( X )= X exp[-( ) ] , X e( 0, 1) , S>0, 

1 - X 



2S 2S ,,, 

and analyze its maximum: /'(x) = exp[-( ) ] + xexp[-( ) ](- 1) 

1 - X 1 - X 

(25)‘'"(--) X 

2 (1-x) 



3 / 2 (- 1 )= 0 , 1 =( 25 )''^(^) 



3/2 • 



2 (1 - X) 

3 

We come to the equation (1 — x) , X £(0, 1) , S >0, which has a unique real 

root. Let us determine f"(X) at the point X G(0, 1) , defined by the solution of the 

2S ,,, (2S)^''^ 1 

equation (2.61): /" (x) = exp[-(- ) ] — (- 1) ^ - 

f X ^ (f JC j 

2S 

2 dx^ ^ 



5^^exp[-(- 

2 1-X 



(1-X) 



3/2 
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{2S) 



1/2 



2S 



3 /V exp[-(^— . 

^ l-x 



{2S) 



2*^ ./. 

1/2 ^ exp[-(- — 

l-x 



x—{ 



dx (l-x) 



3/2 



■}; 



j-{ ,, } [ C(.2sr + 3(1 - X)"') ] . 

dx (1~^) 2(1- j) 

At the extremal point of the solution, we come to the relation 

2S 

(25)i'^exp[-(- 3^, xi/2 

r (^) = ^2^^^ (1 + ^ ^ 

(l-x)"'" 2(25)^'" 



> 



2S 



_ (2^--exp[-(— )■■»] , 

(l-x)’” *2* 2(2/0'” 

that satisfies to the maximum of (2.62a). 

Therefore, the execution of (2.62) at X = e , leads to (2.61), with the following roots 
of the equation: X = 8. at S = S. , i = 1,2,4. • 

Comments 22 . The evaluation Pq(B^) in (2.29), according to [8] acquires the form 

Po{^t ^ 1 "" 2 Poi^T ^ Ay » where AC.U is an arbitrary closed concave 
set. 

Let us introduce the balls A{0,6^) ,A(0,6) ,K(0,6^) in (C,U) and ( ) 
accordingly, with a fixed value d^<d : A(0,d^)={q)^ EC:p^(^^,0) ^ 6^}, 

A{0,d)={(p, EC:p^{<p,,0) <d}, K(0,dJ={x^Pr:i2xf ^ dj. 



Let us assume A = A(0, 6^) and use the following relations 

def _ 

B, EA(0,6)}D{^,eA(0,6J}, 

^A(0,6J}={^, ^Z(0,aj}=-{!^,|> a>. I|,l= ( 2 ^f{T,co)f 

According to the evaluation of the problem in [8], we get the representation 

P„{l|^l>a}=^„ Cr^'^expi-r^ / 2)dr, 

Y I/O 



<5, KTy 

n-2 



whereif^^ = r(— ) X 2 ^ ,r(a),a>0 
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is the Euler gamma-function. Finally, we come to the evaluation of the probability 

^ PMt eA(0,6J}^ 1- ^ A(0,aj}=l- 



2^„ exp( -r' / 2) dr (2.63). • 



At given trajectories (1.11) and corresponding functionals (2.30) on them, it is 
possible to determine a such ^(0,1), /=l-3 in (2.27-29) at which the relation is 

1/2 

) max . Then by the evaluation of the lowest hmit 

£^0,1) 

of the probabilities Pq(B^) and in (2.27-2.29), we obtain the numerical 
evaluations for the probabihties [1 1]. 



executed: eexp[~( 



2S. 

I 

I - £ 



1.2.2. Analysis of the microlevel process 



Let us define a numerical evaluation of the transformation of the processes 
x(*) — > ^’ (•) by the considered entropy functional in the form 

def 

S(s,T,xi‘)) = M^s[ln(?;r(^(*)))]s=0, 

M, J.] = J[.]P, 3(rfro),x(.) EBC^iQ , 

B 

where ^(C) is the Borele algebra in metric C, and 



dP 



dP, 






P(s,x^,T,dy) 



dP' 



s.T P{s,x^,T,dy) 

is the Radon-Nicodim's density measure of the transformation of the probability P 
into F [8]. For the Marcovian process with the additive functional 

T T 

<»I=^A=f (^~\t,x,)d“(t,x^) d^, + -J\a'\t,x,)d\t,x,f dt sO, 

S s 

and the corresponding equations in the deviations: 

= a{t,x,,u) -ci{t,x^), dz, =dx^ - a^{t,x^) dt , 

d^ (t) = o~^(t,x,){dx(t) - a(t,Xj,u)dt)^o'^{t,x^)(dz{t) - d“(t,x^) dt), 

the following relations are true: 

T T 

f{o'\t,x, )a{t, i, ))d^ )«“ (^> = 

S ^ ~ 1 V 
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= ^[^i^i\t,x,)a“{t,x,))id^.{t)- 2b(t,x) = a{t,x)a (t,x)- 

1=1 j 7 = 1 

T T 

p a~^{t,x^ )a (t, )l ^ dt = J x^ )a'{t, x^ )f a~^{t,x^ )a“ {t, x^)dt= 

s s 

T T 

f (a (t,x^) f{ 2 b{t, X, ))~^ a {t,x, )dt =J ^ { 2 b{t, x^ij a,“ {t,x^)a" {t,x, )^dt 

s = l 

T 

cf'\t,x,) d“{t,x^) (a~\t,x,){dz{t) - d"{t,x^) dt))+ 

s 

1^ 

+ — Jla ^{t,x^^'*it,x^)f' dt = 

s 

T T 

=^{a{t,x;))\'^b{t,x^)y\dz{t) - a\t,x,) dty- J\o~\t,x,)a“(t,x,f dt 

s s 

T 

" E/ E " 

J-l s '=1 
T 

J=l*i i=l 
T 

+ T f 'y('2'b(t,x^y\jd“ {t,x^)dj\t,x,)dt= 

T 

= 2/2 (2&( "‘v «i" (0 - 

j-'^S ^ = 1 
T 

“of ^('^b{t,x^y\jd“ {t,x,)aj“ (t,x,)dt . 



Then we obtain the entropy functional in the form 

dP 



AS{s,T,xi-))=S{s,T,x(-))-M^ [ln^(x^)y 



= iA“ ^t) d% ( 0 + 



i=l^ 7 = 1 
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1 ^ ^ 

+ - f 2 K )dt ^M.b [f L{t, x,,u(t, X, )dt ], 

s 



L{t,x,u) = ]^{d'‘Y {Iby^ a\ 






we come to a particular form of the entropy functional : 

S{s,T,x{‘)) = [ln^;^(i(.))] s 0 . 

dP 



AS(s,T,xy)) = 5(5,r,^(-))- M,,. 



yv 1 ” 

=^M^.^ Idt,Xj,u{t,x^))dt,vihexe L(t,x,u)- — ^{2b^jy^d“a‘ , 



u-i 



AS(s,T,xy))=M^ .^ ('^J''^(2b^j(t,x^y^dl‘dZj(t) - J'L(t,x^,u(t,x,))dt ). 



J=1 s <=i 

Using the indications 

X* = x,~ x^' , X, = [X, ]= - X . 

t t 

>K 



=^s +fa“(v,x^)dv+j'cr(v,X)d^(y), x^ =x^ - xl 



for the transformation 



Xl (-)^ ?,(•). ?, = C +f<X(v,Cv)^^(^)’ 



we come to the equalities: 



AS(s,T,x * (•)) = J {L{t,x* ,u{t,Xf ))dt. 



L = ^{d‘f{2b)-^a\ 



AS{s,T,x * = [^J^{2byit,Xy'al(t,x* )dx*{t) - 



J=l s i-i 
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The control function is applied to obtain the equivalent probabilities at the 
transformation P intoP Such transformation consists of discontinuing (cutting off) 
the process at the moment of the process' exit from a given set B. 

The cutting off procedure is defined by the following transformation for the additive 
functional: CO, = <^ L 



The corresponding transitional probability 

P(s,x ,r,B)=M^^ 

B 



satisfies the relations: 



^s,T ~ 



Oj ^ T 
Ij > T 



and ai t > T , P (s, X,t, B) =:0, 



at / :ST, P{s,x,t,B) = fq,jPs,-Adx,] , P(s,x,t,B) = f q,jP,^-,[dx,]- 

B B 

The trajectory X^ is cutting off at a random moment T , for which the conditional 
probabihty is defined by the formula P(r > t) = exp(- CO J ) . 

The obtained relations lead to the two forms of representation of the functionals: 
^S{s,T,x* {•)) = M^ ^ [to^], with 

2 n ^ n 

=-Y fY(2b^j{t,xJ^)a" {t,x, )a" (t,x, )dt+ 

^ s ^-1 
T 

y=i 5 ^=1 

T n 

and = [f ^(2b.j(t,x^ )ci^(t,x^ 

siJ=^ 

T 

=fW{t,x,)dt . 

s 



The first one turns to zero at coj = 0 , the second one turns to zero at a^ (t, X^ ) =0. 
This contradiction is ehminated by using the formula 



AS(s,T,xH-)) 



0,coj = 0 
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T 

The condition 0 )^ = 0 is executed if is true the equality 

T 

^ f )dt^ 

T 

= " X/2 ^ • 

;=i 5 1=1 

According to that, AS = . [coj], and if, for example det b{t,Xj 

A5' = lim M^~ [coJ^^] = oo, then the above conditions for 
£^0 ’ 

both the additive functional and the cutting off the process can be satisfied. The 
execution of the equality O)^ = 0 is also possible when the controlled drift is 
changing its sign at the moment T of the object's model renovation. At this moment, 
if the informational entropy AS(Xj) turns into 6 -function, then the corresponding 

(macrolevel) function of action, AS(t,x) (ch.1.3) undergoes to analogous jump. If 
the right side of the equahty at a“( T + (?) <0 becomes more than the left side, then 

CoJ(t + (?) -^ “ 00 , and the entropy can reach an infinite negative value, that could 
be useful for the subsequent process consolidation (ch. 1.2.6). Another kind of the 
cutting off moment T is executed when each trajectory of the transformed process X^ 

is discontinuing at the following T interval time At with the probability 
W(t,T )At+o( At), where W{t,X)^0 is the cutting off probability density. In 
this case, process X^ is cutting off with the same density that X^ is transformed into 

x] . Functional AS{s, T,X * (•)) defines the conditional probability of the existence 
of the process on the interval (s, T ): 

T 

exp{-pV(t,x^)dt)=l- W^(T,i)AT+o(AT),s=T- At, 

s 

which at the density W(t,X )=0 approaches l+o( At). 

The corresponding transitional probability 



P(s,xJ,B) = P,,(x, ^B)=Jcxp(-(ol)^fP^,[dx, ]. atB= 



Q 



approaches 1, and at oo ^ P(^s, X^, t, B) — > 0. The probability of the existence 

of the process outside of the interval (s, T ) also approaches zero. The probability of 
cutting off X^ on the interval (s,T) is determined by knowing of the fimction 

W{t,X^). The functional coj defines the probability of the existence of the moment 
T 0 [s, T] that reaches the maximum at coj =0, A*S'(x^ ) =0. The condition of the 
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moment T existence (with probability 1) is defined by the optimal control function 
minimizing the entropy functional . Such a control "cuts off "the process at moment 

T 

T , corresponding co^ =0. 

The transitional probability of the transforming the state according to 

the Jensen inequahty [8]: 

P(s,x ,x,B)= [exp(-toJ)]s exp(-M, ^ [toJ])=exp(- A5(;c^)), 

Xj = x{T) reaches the maximum value equal to 1 at AS{Xj)=0. This means, the 
extremal principle formulates the regularities that minimize uncertainty. 

The result AS(Xj ) = 0 follows also from the relations defining the entropy 
def P.AdXj] 

AS{x{.)) = , [In " ], 

PtrxVdXj^ 

assuming that the probabilities , obtained from Jensen’s 

inequality, have meaning of the corresponding transitional probabihties. We get 

PtAdXr^ P.JdxA 

AS(Xj) = M^^ [In ^ ]=AS(x^)=\n . 

F^tAdXj-] F^tAdx,] 

I 

If.;t:^ ,Xj are nonrandom trajectories, the corresponding conditional probabilities are 

P^ -[(it:^]=:l,Pr,jc[(i^^]=l, and therefore AS(Xj)=0. 

The transitional probabihty satisfies the differential equation 

dP dP , d'^P 

a — + b — ^ - WP, 

dt dx dx 

d^P 

which at b — =WP leads to Liouville's equation. 
dx 

At these conditions, the corresponding transitional probability P(s,X^',T,X^) is 
defined on the extremals, and CXp{-AS(x^)) has a meaning of the transitional 
probability on the extremals. 

Therefore, the extremals are the trajectories of the maximal equal probable states 
that satisfy the Liouville theorem (about preservation of the phase volume) at any 
moment t , At the execution of the above equations, the transitional probabihty 
of the control process coincides with the corresponding transitional function for the 
extremal ensemble P{s, X^\ T,X^ ) = P(s, X/, T,X^). 

At this meaning, the extremal ensemble and the controlled diffusion process are 
stochastically equivalent. Because of this, Liouville's theorem is true for the diffusion 
process only at the moments ^ = T, preceding to the cutting off moment • . 
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1.2.3. A minimum condition for the microlevel entropy functional 

Let us consider a closed measured set t]xS where 

— . — def _ def __ 

[5,r]C A,fiCp(Q),B=intfi,r =B \ J5^ = ( 5 ,t) xfi, \ 



The distribution of the entropy functional *S'(^*)) on the set Bj, , as a function of 
time ^ 0(5 ',t) and the current random state xElB , can be found by solving the 
following boundary problem: 



dS{t,x) v' M/ \ 

(2.64’) = Ya. (M) 

ot 



dS{t,x) 

dx, 



^b,j{t,x) 



i.;=i 



d^Sjt,x) 

dxJx. 



+ W(t,x), 



{t,x)EiB^ ,W{t,x)-s:.0, 

(2.64) S{S,X) = /j(x) , f^{x)BC(B,RJ , or 

(2.64a, b) S{r,x)=f^(x), f^{x)EiC{B,R^) ; 
s{t,y) = f,{t,y),yer, f,{ t) ec([5, t], i?: ) . 



Using the concept of proving the maximum principle (for the heat transfer problem 
[5]), we get the following result. The solution of the problem (2.64, 2.64a, b) reaches 

the maximal value on the border of the set : e.g., at /=s, or ^ = T ; or on the 
border F of the set B . 

This means, for V(/^ , C , the following inequahty is satisfied: 



(2.64') S (/„ , s inf min [/j ( j:) ,f^{x), t, y ) ]. 



To prove this, let us assume the opposite. 

Let us consider such moments 3(t^,X^)d B^ that the inequality is satisfied in the 
form: 



(2.65) S(t^,xJ- inf min [/i(;t), /2(^),/3(?,)7 )]s- e,e>0. 

tE(^s,r) 

Let US form an auxihary function 

e(t - 1) 

(2.65a) V(U X) = S(t,x) + - 



and show that it takes a minimal value on the set • Because the set B^ is closed 

T T 

and limited, and the fulfillment of the second Weierstrass' theorem for continuous 
functions [12], the function V{t,x) reaches a precise lower hmit on B^ . 

Using the inequality (2.65 ) and the function (2.65a) we have 

V(S,X)S:f,(x)--^S: Mx) - ^ S inf/i(x)-;J; 

2t 2 2 
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V(t,x)^f 2 (x)-^ 2 : f^{x)-^^ inf 

2x 2 2 

(2.65b) V{t,y) ^ f^{t,y) - s f^{t,y) - | ^ irf min f^{t,y) - | . 

Zt Z teis,r) 2 

From the equation (2.64) follows : 

(2.66a-c)inf f^(x)- S(t^,xJ^e;M f^ix)-Sit^,x^)^e-, 

xEB xEB 

yBT tEis,r) 

According to equation (2.65a), we have S{t^,X^) = V{t^,X^) . 

After the joint solution of the systems ( 2.65b) and (2.66a-c), we get 

(2.67a-c) V{S,X) 2 : + ^; V{r,x) 2 : V(t^,X^) + I ; 

V(t,y)^V{t^,xJ + -^. 

From this system of the inequalities follows that the function V(t,x) does not get a 
minimal value on . 



Because the minimum on does exist, it means, the minimum can be reached at 
some inner points of , and therefore, on the set B^ . 

At the points (?*, X^) of a minimum of function V{ t, x) are executed the relations 



dV dV 

(2.68) — (r*,X*)-0; —(t^,X^)=0, n \ 
dt dx. 

(2.68a) - y h.Ax. Ax. ^0, h..= (^*,x*), Ax, = x,-xr' 



For a: as the current state of the diffusion process, and for any 6 >0, the following 
relation is satisfied [8]: 



J A^. Ax. +At,dy)^2b..{t^,x'^) At+ o {At) * 

\x-x*\^d 



Because 6 is an arbitrary, we may choose it from the condition 

6 }C J3. 

Let us integrate the inequality (2.69) by the probability measure 
P(^*, X^J^ + Af, B^ ) on the set B^ and then divide its both sides on Af ^ 0. 



Using the the condition lim 

Ar-*0 



0(At) 

At 



=0 , E(s, T ), we get 
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(2.70) 



iJ-1 

From the joint equalities (2.68) and (2.70) we may write the following inequality 
(2.70a) 

^-^(t*, jc*) + y — — ( t*,x*)a“{ t* ,x*)+ y ---- {t*, x*)bJt*, x*)^0. 

dt U ^X^ ijtl^X^^XJ 

Operating with the relations ( 2.67, 2.70a) we have 

dV, , dS{t,x) e dV , , dS{t,x) 

dt dt Ixdx, dx^ 

d^V , , d^S{t,x) . . , 

■{t,x)= ^ _ ,i,j = l...,n. 



dx,dx, 



dx^dx. 



After substituting ( 2.71) into (2.70a) att=t*, .t=Jf* we come to the inequahty 



d S{1*,x*) 
dt 



■ \-j-^{t*,x*)b^^{t*,x*)+'^^{t*,^)a“{t*,^ a:^. 

ijZidXiOXj i7i 



Using the equations (2.64 ) and (2.70a) we come to the inequahty 






Because the inequality W(t,x)^0 is correct by definition, we come to a 
contradiction that proves the initial statement. In particular, considering T =T in 
(2.64b) and taking the ?=T as a moment of cutting off the process, according to [8], 
we have / 2 (-^) = fsiU y) =0- Therefore, the absolute minimum of S(t,X )-function 
(*S'(^(*)) =0) will be reached at the moment of the process' X^ exit on the border of 
the set B X [5,7"]. The extremal value of S (^ , .T)-function can be found for such 
X=x{t) that belongs to the border of the B region. To fix these values, the random 
process should be cut off at the moment, following the first exit of the process on the 
border of set T . Cutting off the microprocess is an operation that selects the extremal 
solution of the given boundary problem. Execution of this operation can perform the 
control that enables us to keep the random process within a given set. 

Many dimensional Marco vian process generally has the n such the first exits on T . 

The moment of the execution of the equality for the transitional probabilities: 



(2.12)P(s,x,r,B)-P* {s,x,x,B) =>j’(P(s,x,x,dy)~ P* {s,x,x,dy))=0 

B 

is the moment of cutting off the random process. The execution of condition 

= 1 for the 



(S (.^( •)) =0 ) for an arbitrary B leads to the equahty ^ 






density measure at "almost everywhere" in JS . If T is the moment of the first exit X^ 
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on r , then the operation of cutting off at that ^ (t) is freezing the process X^. 
on the set F , where the condition *S'(t,x)= 0 is satisfied, and the relation (2.72) 
takes place. Cutting off is a specific method of the random processes' theory that 
connects the parabolic equation boundary problem to the Marcovian diffusion 
processes. Executing of the condition *S'(^(-)) =0 solves the problem of transferring 
(in a probabihstic meaning) the initial random process on some assigned process. • 

1.2.4. The Jensen's inequality for entropy functional 



Let's have ^( t,x),g:AxR^-^ as a measured and limited on A X function, 
convex down by the argument J £/?” , i.e., V £A x /?” 

Fr.y/x^R", 

and consider the Jensen's inequality in a simple form: 

(2.73) g(t,X)S^g(t,X^) + (X- x")\ {t,x") . 

Assume X = x{t,co) in (2.73), where V^£A, x(*,co) is a function, measured by 



argument O)E^(C); and at the fixed co £^(C) , i(*,co) is a continuous 
function X^ on A . According to [10], the function g{t,(o) = g(t,x{t,w)) is a 
measured, limited, and therefore is a summing function by the measure 

= mesA x P^. on the set Ax 13(C): 

(2.74) g(t,co)EL,(Ax C,P( A) X ^ (C), ju J , 

where PiA) = {t:B^ DA, B'cP{r' )}, mesA is a Lebeg's measure on 

l^{A) , andx is the index of a direct multiplication of the sets, of the cr -algebra's, 
and the finite measures. 

Using the relation (2.74) and the Fubini theorem[10] leads to the equation 

T T 



fiJg(t,x(t,(o))P,ji idw))dt=(J(Jg(t,x(t,o)))dt) P^j, ida))),BcP(C ) , 

s B B s 

which can be direcdy written via the conditional mathematical expectations: 

T T 



(2.75) J M.^ ^[g( t, X, ]dt= [J^( t, X, )dt] . 

s s 

At X = x(t,a>)) , X^ = M. and integrating both side of (2.73) by the 



measure on the set A x J5 , S C ^ (C), we come to the Jensen's inequality in 
the form 

T T 

(2.76) f M.^ ^[g(t,x,W g(t,x, )dt , 

s s 
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where is the macroprocess (1.5). For the function g{t, x) , which is a convex up 
by the argument Gi?” , we have by the analogy the equations: 

T T 

(2.77) g [^( t, M s J g{t, X, )dt . 

s s 

Let's consider the function {t, a:) on A X i?” : 

n 

(2.78) L“{t,x) = l 1 2^ (2b{t, x))'^^d“ (t, x)d“ (t, x - 
=1/2 2 a'/ {t, x)o'^ {t, x)a‘ {t, x)d" (t, x ) , 



where the functions a.j( t, x) , d^{t,x) , i,j = X.. ,n are measured and limited on 
set A X i?” . 

Let assume .T = x(t,(o) in (2.78). Because the class of the measured functions is 
closed regarding the arithmetic operations, the function F! {t, x) is limited; x{t,(o) 

is a measured function of O) G^(C) V^GA and is a continuos function of 

V/eAo)e)8(C). 

We conclude that L“((, to ) = l!!{t,x (/, to )) is a measured, limited, and therefore 



is a smnming function by the measiure jU^ on the set A 




By using g = £* and the previous relations (2.76, 1. 1-1.3) we get accordingly 
(2.79a,b) AS(s,T,^*))^ AS{s,T,x{*)), AS{s,T,x{*))^ AS{s,T,x{*)), 

def^ „ 

(2.80) AS{s,T,x{*)) = Jt{t,x^)dt . 



s 



By the analogy we obtain 

(2.81a,b) AS(s,T,x* (•)) ^ AS{s,T,x(*)), AS{s ,T ,x * {•)) ^ AS(s,T,x{*)), 

def^ 

( 2 . 82 ) AS{s,T,xC)) =jL\t,x,)dt , L\t,x,)=l / 2(a“)^(2&)‘‘a“. 



Comments 2.3. The following equality is true for the integrals 

T T 

(2.83) M^iji^dt] =jM^[L^t], 

s s 

Z 3 = 1 / 2{^{2b{t/,))-^a:{t,x*)a]{t,x * ) , 









2b = aa , a(t,x^) = a (t,x^ = u{t,x^,x^) , 
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because of the same limitations on the functions a"{t,x) = a{t,X,u) , 

a“(?, x) = a (/, X,u) , anda^(?, ;r) , a“(/, ;r) , which are the measured and limited 

on A X /?” and A X X C/ accordingly. From this, using a closeness of the class 
of the measured and limited functions with respect to arithmetic operations [10], it 
follows that the function 

(2.84) L\t,x) = l/2{'2(2b{t,x));la"(t,x)a‘;it,x) 
belongs to the same class of functions on A xR^ xU . 

_Mc 

Since the X^. is a measured function on CO G Q and a continuous for V ? G A , and 
according to the superposition principle for the measured reflections, we conclude 

that the function = L {t,X^ ) is the measured, the limited, and therefore is a 
summing function by the measure mesA X , with the Lebeg's measure mesA on 

A X Q. 

Then using the Fubini's theorem we come to a possibihty of the rearrangement of the 
integrals (2.83) on A and Q • . 

1.3. Solution of the Variation Problem 

1.3.1. The Lagrange-Hamilton equations 

Let us formulate the variation problem (VP) using the Lagrange method of 
eUminating constraints [6] and the Pontryagin maximum principle [7]: 

T 

(3.1) Sp=JP"{t,x,dx / dt,u{t,x))dt extr , x^ E(i?",)8,P*) , 

s 

=lhL’ 

(3.1'}^^ = S^{s,T,x{-)), x{.) = x(t,.)^KC\^,R''), 




(3.2) Lp=fio L(t,x, dx I dtV-p^{dx I dt - a“); a“=a“(t,x), b=b(t,xy, 

(3.3) Pf=p.L{t,x,a'^)+p^idxldt-a‘‘), L°=(L^, L^), 

(3.4) L(t,x, dx / dt)=ll2{dx I dt)^ {2by^ dx I dt , 

Lit,x,a‘‘)=l/2{a‘‘f{2by^ a“=L\t,x), 

(3.5) (pj{t,x,u)=0, j=\,...,N, tETv,\(Pj\=(p: 

{rv,R\U)-* ,T<p(2A-,a“(t,x)^0, 




Mathematical Foundations 



133 



(where fJLo ,p are the Lagrangian multipliers: jUo ^ KC ^ (A , /?”), 

T(p is a. discrete set of ?=tEA , and the equality (3.5) defines the constraint, 
imposed on (3. 1-3.4) by the stochasics. 

The Lagrangian If is written in the classic (3.2), and the Pontryagin's (3.3) forms. 
Let us build the field of the functional on on the set 

~ m 

(3.6’) (2=(A\(UT*Ur.p)x R";A ° =A\ (Jt*, 

jt=l 

with Tit as the points of the control discontinuity (1.4). 

The field is defined by the execution of conditions [6] for the Hamiltonian and 

the conjugate variables Xp,X : 

(3.6) dXp / dt dHp I dx ■, H^=H^{t,x,Xp), 

( 3 . 7 ) dX^ / dXj(t,x, a“(t,x))=dXj / dx^t,x, a“(t,x)), i,j = X...,n, 

(3.8) Xp= dLp / d{dxl dt)-pLo X+p \ 

X = dL{t,x,dx / dt) I d{dx I dt)=(2b{t,x))~^ dx I dt , 

(3.9) fXo X+p = fju>(2b(t,x))~^dx I dt+p, dx I dt =a" {t,x)=2b (t,x)X , 

(3.10') /fp(?,*) = {dx ! dtY Xp{t,-) - Lp{t,‘) = / dtf {Iby^dx I dt + 

+ {dx I dt)^ p -1 1 2p<{dx / dtY {Iby^dx I dt - p^ dx / dt+p^a“{t,x), 

(3.10) Hp{t,x,Xpy=po{Xp- p)^ b{t,x){Xp- pp-p^ a\t,x), 

(3.11) Hp{t,x,X)=po X^ b{t,x)X+ p^ a {t,x\ 

(3.12) dx I dt = dHp{t,x, Xp)l dXp-po2b{t,x)X=po a‘*{t,x), 

(3.13) dHp / dXp=dXI dXp- dHp / dX=E‘ dHp I dX = dHp{t,x,X)l dX, 
(3.14') p^dlUpIdidx I dt), Ifp{t,’)={dx I dt)^ p - L“p{t,-)= 

=dx ! dtY p-\l2p<{(^“{t,x)f {2by^a“{t,x)~ p^dx I dt + p^a{t,x), 

po=l, 

{3.\4)H"p{t,-)=-iy{t,x) + p^a\t,x), L“ = \l2{aY{2by"a\ 

(3.\S)dp ! dt=- dH“p / dx=- {d{a“(t,x)l dxf p + 

+ d{\!2{a f {2by^d‘)l dx. 

The last relation is a stationary condition of the maximum principle [7]. 

The above equalities satisfy two forms of the Lagrangian If (3.3). 



Lemma 3.1 (LI) . Let us consider the distribution of the functional S(s, T, t(*)) on 
Q = ^ X Ff , which satisfies the Kolmogorov equation (K)[l]: 
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(i.\6)-dSI dt=ia“f dS/dx+ '^bij d^S I ^x^^XJ+l/2ia‘‘Y(2by^a\ 

S = S(t,x), a'-a'it.x), b = b(t,x) 

and have the function 5^( t, x) , which satisfies the equation 

n 

(3.17) - dSp I dt^{a"f d~S^ I dx+ '^bij / ^x^ dx.+\ / 2(a")^(2&)'‘a" 

at each point ( ? , X )£ Q of the extremal's field, and on a certain set ^ , where 

the equation: 

(3.18) (a“)^ <?5p I dx+ ^bij I dx. dXj=p^ a", a“=a“(t,x), 

<j=i 

is executed, satisfies the Hamilton- Jacobi (HJ) equations as a fimction of action 
Sp(t,x) on Q°: 

(3.19) - dSpI dt=\l2{a“Y Q.by^ a“+p^ a“ , dS^I dx=Xp(t,x), 

Then, the above function t, x) exists and satisfies the equations 

(3 20) dXpl dx = dXI dx = -2X , 

2 

that defines the N=W equations of the differential constraints in (3.5). 

Proof. Applying the equations (3.6-3.12) and the principle of superposition for 
continuous and differentiating fimctions, we come to existence the equations (3.18), 

and the fulfillment of (3.19). Since (3.18) is a linear elliptic (for S^) equation 
solvable under the given boundary conditions ((3. 18) on the right-hand side), then the 
function Sp{t,x) exists. According to (3.18, 3.19) and (3.6-3. 8) we get 

(3.21) 

n n 

{a^fX + id^Yp + ^bijdX.p / dxj = p"a“X2bX -h ^ bijdX^^ I dXj =0. 

= l 1,7=1 

n 

(3.22) ^ +2 ^ Xj ) =0, b >0; det b *0. 

ij = l 

The last relation is fulfilled if, in particular, the equation (3.20) is executed, which 
defines the N=: n equations of the differential constraints in (3.5). • 

Comment 3. l.To implement the condition S p(t,x) = extrS(t,x) , (t,X)^ Q’^he 
above HJ and K equations have to be considered in a single and the same region. We 
assume that the equality Q = Q is fulfilled. From which it follows Q=^ X , 
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m 

r<p = where (3.20) holds true, coincides with the moments of 

k^i 

the control discretizations. For the implementation of the equation (3.20, 3.22) by 
applying the controls, let us assume 

def m 

(3.22')e“=G°-U(2V . Q\. 

i.e. the constraint (3.5, 3.20) is imposed in the vicinity of the hyperplanes of the space 

m 

^ /?” defined by the set ^Tk , which will be selected constructively later on. • 

^ =1 

Theorem 1 (TD .Thc equations for the field of functional (3. 6-3 .7, 3.19) and for the 
differential constraint (3.5, 3.20) of the variation problem are executed jointly when 
the following equations for the macromodel and controls hold true: 

(3.23) a“=Mt\x+v),A{t)=A^, AeL(i?”,i?”)V/eA,4(0ec'(A°,i?‘), 

m 

i,j = \...,n,{t,x)E:th. X /?"), A° = A \ r»>, rv = U^*’ 

k=l 

(3.24) V, =v(r-)£c\A°,V), Vj:A-^ V,VC/3(i?")’ 
where V is the control vector, reduced to a state vector X . 

Proof, The equality (3.6) is a conjugate Hamilton equation (3.13) satisfying the 
Lagrangian in the form of (3.2). The equality (3. 15) is the stationary condition of the 
maximum principle satisfying the Lagrangian in the form of (3.3). These equations 
are the consequences of the single and the same variation principle being represented 
in two forms. Therefore, either (3.6, 3.7) or (3.6, 3.15) must be equivalent at 

Q = Q=A°xF!’. 

This involves a joint consideration of the field equations (3.6, 3.7), the differential 
equation for the conjugate vector in the field for Haminltonian (3. 10): 
dXp{t,x) / dt = - dHp{t,x,Xp{t,x) / dx-^ dH / dx - dH^ / dX^ x 

X dX^ldx, dH^I dXp^dHldX, dHpl dXp=a\ dX^ I dx^dX I dx , 

the equation of differential constraint in the form (3.20), and the equation 

i3.25)d{dXp / dt)l dx=-2[{dX / dt) X^ + X(dXI dtfl(t,x)^ Q. 

The right side of (3.25) for //^(3.10) upon substitution of (3.20) acquires the form: 

(3.25') dHp / dx =l/2(^a “ ! dxf X+2XX" bX^da ! dxf p. 

The equations (3.25) and (3.25') can be written in the forms 
(3.26) dXp I dt=-ll2ida" I dxf X + X X^ a“-(do" I dxf p -, 

d [ll2(da“ I dx Y X- X X^ a'‘+{da ! dxf pV dx = 

=2[ {dX I dt) X'^ + X (dX / dt f ], d [l/2(^a “ ! dxf X- 

- X X^ a‘^+{da“ / dx p]l dx=V2d{da I dxf I dx :: (X+2p)- 

- (da“ I dxf X X^ - X X^ da ! dx + AX X^ {X^ a"). 
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Since the functional (3.1) reaches its extremum on solutions of equations (3.83-9), 
the variation conditions of coordination in the functional field [6] are satisfied: 

(3.26*) dX{t,x, a“(t,x)) I dt =- dH{t,x, a“{t,x)) / dx , 
H=ll2(a“f(2by^a“=ll2X^a“ . 

Using the last equation, we obtain 

(3.27) - dH I dx=- 1/2[((?X / dx f a" -K da“ / dxf Xy= 

= - l/2[-2X X^ a“+(«?a“ / dx f XI 
and the equahty (3.25') takes the form 

(3.28) 2[{dX / d )X^ +X{dX / d Y ]=2 X X^ {a")X^ - {da ! dxf XX^ + 

+2 X (a“ f XX^ -XX^ dd‘ ! dx = AX {X^ a“)X^ - 

- (da" ! dxf X X^ - X X^ da I dx . 

From the joint consideration of (3. 25', 3.26) and (3.25', 3.28), we get the equality 

(3.29) ll2d (da“ I dxf I dx :( X+2py]pi\{j^i=0, 
which is an identical at the set 

!2=(A\(Ut*x i?”),if d^al(t,x)l dx. dXj = 0-,i,j,k = l,...,n,(t,x)E. Q. 
From that the equations (3.23, 3.24) follow. Operator A = A(t) does not depend on 
the randomness of co' 0Q’ by its definition. • 

Comment 3.2. From the last conclusion, in particular, the relations follow: 

(3.30') M[rf ij=M[A(0(^, + v^)]rf?, M[rf \-M[A{t){x^ + v^)\dt 
and we obtain 

(3.30) x^=M[x^], d x^ =M[d x^]^ 

Corollary 3.1. L agrangian of the functional that satisfies both the K and HJ 
equations has a view: 

(3.31) Lp=- l/2[(a" -dx ! dtf Xp-b d Xp! dxl 
that follows direcdy from 

(33V)-Lp+(dxldtf Xp=(a"f Xp+bdXp! dx +L, at L^-L.* 
Corollary 3.2. T he conjugate vector p of the Pontryagin's optimization problem 
satisfies the equation C ^ p ={b + C J2)X , where is an undependable on time 

and a constant vector. 

Indeed, by applying the maximum principle to the Hamiltonian (3. 14), we get 
dH"pldt=d(- L+p^ a“)ldt=0- L=ll2 X" a" , 

X^ d a" Idt+d X^ !dt a"^2ip^ d a" Idt+d p^ !dt a ") , 

(3.32) (X-2p f da" ldt=-d[(X-2p f a"]ldt. 

From that, the equation follows: 

(3.32')(X-2pY C^=-a",dx I dt^2bX, 

which defines vector p through the vector X at given . • 

Comment 3.3. In a particular, at the execution of the equations 
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(3.33)C„=-3(2Z?)“\ p=l/2(27?)'^(d[r /rf/ - 3a“), p=- a“ 

atdxidt =a“ , Xp=3l2(2b)~^ (dx I dt - a"), 

the Lagrangian, satisfying both the K and HJ equations, acquires a view: 

(334)Lp=3IS[(dx I dt -- a" f (b)~^{dx I dt - a^y^b d b I dx (dx / dt - 

- a“)+ d a" / dx]. 

The last form, in particular, at constant diffusion, coincides with the Onsager- 
Machlup Lagrangian [8]. We note that at X^ = X + p=0 (as one of the conditions of 

dx ! dt =-3(26) ^), the expression for -dS^ Idt turns to zero, 

which corresponds to the constant value of the total entropy on its extremals. (The 

total entropy contains the components delivered outside by the controls, and 
generated by the microlevel stochastics). 

The entropy functional that satisfies the VP, we call the proper(eigen) functional(PF). 
The Lagrangian of the proper functional: 

(3.35') Lp=- ll2[(dx / dt f (2b ~^)(dJC I dt}¥ (dx I dt - a“)l 
with the equations (3.16,3.20): 

p^ a“=(X+pY a\b d Xld X- (2b Xf X , dx I dt =a\2b X=dx I dt 
takes the form 

(3.35) Lp= - l/2[(a“ f (2b ~'^){a'‘)- X'^ dx ! dt ^dx ! dt f X)]. • 

Corollary 3.3. F rom (3.8, 3.22, 3.23) the exphcit relations for vector X and the 
differential constraint (3.20) follow in the form 

(3.36) X(t,x)=(2b(t,x))'^ A(t)(x+v), A=A^ , b = b^ ,(2b)~^ A = A(2b)~\ 

(t,;c)e Q, 

( 3 . 37 ) dXfi dXj-- (2b)~^ d (2b)i dXj(2b)~^ a“ +(2b)~^ d a'‘ jdXj - 
=2X Xj=2(2b)-^ a“ Xj , 

(3.37a)- d(2b)l dXj(2by^a“ + da" / dXj = 2a" Xj, 

(3.37b)- ( d(2b) / dXjX), + da" / dXj = 2a" Xj , 

n n 

(3.38) - ^d(2bik)l dXj(2b)k.-"av" + A^^ =2a" Y (2&)"X“ . J,7= , 

k,v=\ k^l 

which along with (3.12) define the dynamic model of random object satisfying the 
VP. The form (3.9, 3.36) coincides with the equation of nonequilibrium 
thermodynamics [8], where the function b=b(t, x) defines the kinetic operator [9]. 
Comments 3.4. Informational macromodel (3.12, 3.36, 3. 38) contains the control 
(3.24), which, unlike the traditional maximum principle, appears in the conjugate 
vector's expression, and therefore, participates in the equation of constrant (3.37, 38). 

This connects the functions of drift and diffusion and represents an initial equation 
for identification of the macromodel operator by measuring the nonlinear matrix of 
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diffusion. If the matrix A depends on time, this matrix might also be used for the 
identification of the diffusion matrix b=b(t). 

In this case, the equation of differential constraint takes the form 

(3.39) 4[E+2(^+v)(;c+v^4(26,)]= |o/|"^.i = o, 2, 

which with det( X-^V){X-\-V)^ = 0, can be satisfied only when 

The last condition confirms dx I dt (t ^ A )=0 for (3.12) while departing from the 
condition (3.3). 

When b = b (t)=bj, this condition is satisfiable at the "punched” points of the set 
G:G”=(U Tk X jR” ), and when b = Z? (t, Jt: ), it satisfies within the "couple region" 

Q . The equation of constraint (3.20) at b = b^ an be satisfied at 

(3.40) ^ X / dx+2X X^^e, e =e(t,x),\f (t,x)^ A x R" , e =A{R"y, 

(3.41) p(e) -> min , p(e) = ( 2 ^ pi( e) = ( ^ Ml £/ ^1 

i,J-l i,;=l 

with some accuracy e , which is getting a minimal in the sense of (3.41) with the 
accuracy of estimation, using the different measures: 

(p(e),p.(e),p2(e)). 

By applying the last of these estimations we come to the equahty 

(3.42) M[d X / dx +2 X X ^}= = O. 

Considering (3.42) jointly with (3.39), we obtain the relation for identification : 

(3.43) A=- r;‘6=- , r,=M[(;c+v)(;c+v)^], 

using the matrices A and r ^ , where r^ ^ and b commutate at the joint execution of 
the equations of the functional field (3.7) and of the constraint (3.42). 

The condition (3.41) is satisfiable at the set Q if the following relations are true: 

m 

(3.44) ^e^J(T,x^) I dt = 0, ^e^J(r,xJ / dx^ = 0, (, 7 , v=l,...,n , Te 

k=l 

(3.44-) d{ dX/dx + 2XX^ -e)/ dt =11 0^.1 l"^i 

with the equation of the constraint (3.39) that according to (3.40), (3.44) takes the 
forms: 

(3.45) 1/2E +(JC+v)X^ = A"‘ be, (t,A:)e Q, b = b^ . 
(3.45')Xd{2i2by^A))idX / dx + 2XX^ -e) + 2{2by^A x 

X didXI dx + 2XX^ -e)l dt=\\o.j\\lj^^* 
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Theorem 3.2 (T2) . The equations of the functional field (3.6, 3.7) and of the 
differential constraints (3.40, 3.44, 3.45) of the VP are consistent if (3.23) is fulfilled, 

and the equation of identification of operator on Q^=([}TkX /?” ) has the form: 

(3.46) A(t, + -0) = + -0), 

dx ~ 

* -o)=r[(r^ * -o) , r=M{ — (x+vf},(t,x)^ Q. 

To prove T2 we use jointly the equations (3.24, 3.40) and (3.41) in the forms 

d (dX / dt)l dx=-2[{ dX I dt)X ^ + X(dXI dt)^ F d £ I dt ,d £ I dt = 
e / dx = \oi\\‘j^^ =0. 

Following the methodology of proving Tl, we writedown the equations 

(3.47) d Hp! dx =ll2(d a“ I dxf X + X a" - V2e^ a +{d a“ I dxf p , 

(3.48) ^ Xpl dt=- ll2(d a" / dxf X + X X^ a“ - ll2e^ a“-(d a" I dxf p. 
From that after substitution into (3.25) we obtain the equations 

(3.49) (?(1 / 2{da I dxY) / dx. {X + 2p) - {da / dxf XX^+ 

+ ll2{da‘‘ I dxf e-XX^da“ I dx + 

+4XX\x'^a“)-2s{X^a")+l/2{de/ dxf :a“+l/2e^da“ / dx. 

Similarly to the relations (3.26, 3.28) after substitution of (3.40, 3.41) we get 

(3.50) d{l/2i da“ / dx) ^)l dx:{X + 2p) + 1/2 e^da“ / dx + l/2{da" / dxf - 

-2e(XV)=- -(eVx^)^ 

The last relation has to be an identical on Q irrespectively of the explicit form of the 

function £(i,X). This condition is fulfilled if holds true on Q both the representation 
(3.22) and the relations 

(3.51) e = e^ , det e 0, d a“ I dx -{d a“ / dxf e , 

T u vT , T u vT.T 

E a X =(e a X ) . 

From the equations (3.223 50, 3.51) we obtain (he following relations: 

{3.52)2e^ a" X^ +e^ d a" / dx=2£ X'' a“ , A+2a“X^=2X^a"E, 

e E '‘=E, 

(3.52a) (2Z?)"‘ A+2X X^ ={2b)~'^2X^ a" , 

d X I dx+2XX^={2b )‘‘ 2Sp (a" X ^ ), 

( 3 . 52 b)A( 2 Z?)'' A''+2a“(;c+v)^=2Z7 2A'\X^ a"), X^ a“=Sp{a“ X), 

(3.52c) A~^2b A+2ix+vXa“f =2 A'^ 2b {X'^ a“),b=b{t), (tx)^ Q . 

The relations (3.52), (3.22), and (3.36) lead to the equations 
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(3.53) a“{x+vf =(j:+vXa“)^ , {dx I dt)^(x+vy^=(x+vj{dx I dt)^, 
t e(r^ + -o),k = \,...,n. 

After taking the mathematical expectation we arrive at the relation (3.46) for the 
identification of the operator A^_ (onQ^=(UTjt x /?”) ) through the covariance 
function and its derivative at the discrete intervals of applying control . • 

Comments 3.5. Operator M[ • ], apphed directly to the dynamic model (3.12), leads 
to the relation for identification matrix Aj. (^ GA^), and we arrive at the equations 

(3.54) A{t) =r, {t)r;\t) = = r;\t)r^{t)-,{t^A^\ 

(3.55) r^{t)=rJJ)+^Sf) ^+M[(rfv ! dt\x+v)^ -d,x+v\dv ! dtf ] 

where the covariance matrices are defined via the observed macrovariables, or via the 
continuos functions =- r^{t) and (t ) , with respect to the validity of (3.43). 

From the equations (3.42, 3.43) we get X = - 1/2 r~^(X + V), and the Lagrangian 
Lp=ll2(a“f (2by\a“)- ll2(dxldtf r;\x+v)- (x+vf (dx I dt).* 

13.2. The optimal control synthesis 

For the synthesis of the control (3.24) we formulate and solve the Boltz's problem : 

T 

(3.56) min S.=vc^n{{l^pdt + l{x,v)}^S\ 

ve^ ^ vev J P'' 

s 

where ° is defined according to (3.2, 3.3), and the terminal part of (3.56) contains 
the equation of constraint (3.45) on <2° =( U T* X jR” ) in the form 

mm n 

(3.57) ^ = ^4 *^^4 » 4 ~ Vijk ’ 4 -+ )» 

k=l k=\ ij=l 

(3.58) (pl~= 6..I2+{ X. (T^. >f V. )(r^ ^-o))X. ( (r^ ^-o) , .r. (T^. )) - 

- + -Oy%(r^ + -0)),v£v;((T, V) = 4 

v=i ^ J 

where are the matrices of the Lagrangian multipliers; the indices + - 
correspond to matrice's values at t= (r^ +-0) , k - 0,... ,m accordingly. 

The equahties (3.57, 3.58), considered with respect to the equations 

n n 

(3.59) (x+v^\ 2)(2&^_^‘A^_)^.Ax+v^.)v= 

i,;=i v=l 
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= 2(l^r«2*.-)‘‘4-u (j^+ (^+ >’-.)v= 

ij=l ; = 1 

K~ < 2 Xv(^ + V)i(^ + ^)y)X^-o +1/25'/? ^ - 

i,v=l 

i,v=l v=l 

and applying the equations (3. 44, 3. 45) jointly with the equality 

(3.60) ^ /;-/<? , = 2[ 2 {F{{'2by^ Ay (X+V)y 5,, - 

i, v=l 

n n 

A(^+v))^ 

i,j=l v=l 

lead to the following relations for the function / ( JC , V ) in (3.56): 

(3.61) d ly Id X=2X X+- , X+-= X (Tj +-o) , 

(3.62) d Id Tjt=0 , k=o,...,m. 

The combination of the equations (3.61), (3.62), (3.60) redefines fully the function 
/ (X , V ) expressed in the terms of sought optimal controls in Boltz's problem • 
Theorem 3.3 (T3) The problem (3.56-3.62) has a solution under 

(1) -the piece-wise constant controls (3.24); 

m 

(2) -the controls that are switched at the moments ^ ^ ? defined by the conditions 

k-l 

of equalization of relative phase speeds of dynamic model: 

(3.63) dx^ I dt (Tj -o) x^\rXdXj I dt {t^ -o) x^\r,^),ij = l...,n, 
k = 

(3) -the controls that renovate the matrix (t^ + o) at those moments, which 

are identifiable by the relation 

(3.64) A^=l/2(rfr/ rfO-^-'*(l+]Up, r=M[.ji: , 

and (4)-the optimal reduced controls that are determined by the equations: 
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(3.65a) v+=-v.+ jU^E(JC+v.) , x^=0, 

(3.65b) , ]U^=(0,- 2). 

Proof of T3 (1) is based on the equality for two expressions for X , one in the form: 

(3.66) dX{t,x,a“ {t,x))l dt=- A{2by^ A{x+vy, b=b^. 

This follows from (3.8) for^p (3.10) and from the equation (3.15) at 
i3.66')d pidt - d Ll d(dx I dt)=-(d a" / dxf p=d X^ / dt = 

=d pidt+d Xldt . 

The other form we derive by differentiating directly the expression 

(3.67) X=(2by^rf'^^{x + v)=M[(2by^dx I dt (x + v)^ ]r~^(x + v): 

(3.6T)dX / dt=d {M[( 26 )"‘t£r / dt ( jc + v)^]r”^A: + v)}!dt + 

+M[(2&)"‘<ix /t/f (x + v)^]x d {r~^{x + v))ldt+MV^by'^ dx I dt {x + v)^]x 
X r'^d(x + v)ldt . 

Let us open each of the components of the considering expressions for X : 

(3.68) d {M[(2by'^dx / dt (x + vf ]r~^ (x + v)}l dt =M[dX / dt(x + v)^]+ 

+M[(2by^ A(x + vXx + vf A]+M[(2Z?)‘‘ A(jc + v\dv ! dtf^r~^ (x + v). 

We substitute into the first component of the (3.67’) the expression following from 
(3.66): 

(3.69) M[o»Z (f,JC, a“(t,x)Xx + v)l dty- A(2by^Ar^, 

and taking the mathematical expectation for the second component, we get 

(3.70) d{M[(2by^dx / dt(x + vf]r;;^ (x + v)}ldt^- A(2by\x + v)+ 

+(2by'^ Ar^ Ar~^ (x + v)+(2by^ AM[(x + vXdv / dtf ]r~^ (-^ + v). 

For the second and third components of (3.67') the equality follows: 

(3.70a) M[(2&)‘‘d:x: / dt (X + vf]d ((r;‘ )ldt (X + V))= 

=M[A(JC + vXJf + v)^](-l)r;‘ d(rjdtr;^ (x + v>=- 
=-( 26 )"^A{r,+M[rfv I dt (JC + v)^]+M[(JC + vX<^v I dtf +rj}r~^ (.x + v);. 

M[(2by^dx I dt {X + vf ]r^^ d {x + v)l dt =(2by^ A A{x + v)+{2by^ x 
X A dv I dt . 
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By substitution of the obtained relations into (3.67') we reduce it to the form 

(i.lOh)dX / dt=- A(2by^ A(x + v)+(2by^ A(dv I dt- 

-M[t/v / dt(x + vf J)r~^(x + v). 

From that, due to the validity of (3.66), we get 

(3.71) (2 by ^ A (dv / dt-M[dv / dt (x + v)^ J)r'^ (-^ + v)=|o/||”^^i = 0. 

At the execution of the inequalities 

2b ?! |o/||" =0\ A^ = O, when 

a“=A(x + v)^ h\{j^i = 0, 

the equality (3.71) can be identically true at (T^ ^ ~ only if the 

control satisfies the equality dv / dt = \oj\\^ = O . 

From that, due to an arbitrariness of chosen (T^ , , we have 

(3.72) dv / dt=[ 0 i\lj_^ = 0, V(T^ , Tj_j)eA”, V, ecc(A ,C R"). 

To prove T3 (2), let us apply the Erdmann- Weiers trass condition [6] for the Boltz 
problem (3.56) at the points of the control discretization: 

(3.73) Xp(r+o)+dl/d x(r+o)=Xp(r-o)- d Hd x(r-o); 

(3.73') Hp (T+o)- d h d T(r+o)=//^ T-o)+(? l! d T(T+o). 

Whence by using the equations (3.61,3.62), we obtain 

(3.74) X++/7++2 ^ + 2 ^-X-, 

Because at V ( X + , /? + , X ', p ")» the coefficients (D+ , D')G -Z. ( i?” ), hold true the 
relation 

(3.75) /7+-=D+-X+- . 

From that we come to the following equations: 

(3.76) Hp^X^ bX+(a"f p= 1/2 2 (A (E+2D)(26)‘^A)y(jf + v); (^ + v)^, 

i>i 

t GTj -o, 

n 

M{X^ b X'\=VA^(A(lby'^ d rjdt),. =1/4 Sp[A(2by^ d rydt], 

dX / dt=- A X M[p ^ a'^ymSp [AD(2by^d rjdt ], 
M[HpMI4Sp[A(E+D)(2by'^ drydtl 
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{3ni)Hp{x+o)- Hp{x-o)=llA\[{@^{dr^ / dt)^\j{r;\{x + v +\x + v +'^ ) - 

ij=l ^ 

- (Q.idr^ I dt)_),j(r;!:(x + v.Xx + v.),.)^]=0, 

0^=A+.(E+2D+-)(2Z? +.)■*, 

r,^=M[(x + v+)(;c + v+)^], r,_=M[(;r + v.)(;t + v.)] , 

(3.78) m_[.)=m^(t,_j)[.i= f[*]i’**_,(y)rfy.y= • 

From the equations (3. 74, 3. 75, 3. 77), by applying the operator (3.78) to (3.77), we 
get 

(3.79) (E+2 jl ++D+) X += (E - 2 jU -+ D-) X - , 

(3.80) Sp Q^(dr^ / dt)_^ - Sp ©_(dr^ / dt)_ =0 . 

Since the matrix trace (Sp) and the matrix continuity are invariant under the linear 
transformations, the equality (3.80) must be satisfiable independendy on the selected 
coordinate system. This is possible at the fulfillment of the equation 

(3.81) A+(E+2D+)(2^+)'‘(rfr, / dt)^ =A.(E+2D-)(2&.)'‘ (dr^ I dt)_. 

The relation (3.80) is the condition of a continuity for equation (3.76) by the 
probability measure consistent with the operator (3.78). 

Since D'^"G^(i?” ) are the auxiliary matrices, which are not imposed by the 
variation principle, it is expedient to eliminate them from the subsequent analysis by 
selecting the Lagrange's multipliers in the equation (3.57). To this end we assume 

def ^ def 

(3.82) (E+2 jU ++D+) = -+(E+2D+) , (E - 2 jU -+D') = -+(E+2D-) . 

Therefore the equality (3.79) takes the form 

(3.83) (E+2D+)X+=-+(E+2D-)X- =+-l/2D+- ,jU''"=-+E-+3/2D+-, 

and from the equations (3.81,3.83) we get the following relations 

(3.84) E+2D+=(A+)‘‘ A. (E+2D-)(2&.)'\(2&+)'‘( dr^ / dt)^)'^ , 
X+=V2{2b+)\dr^ I dt)^ r;l(x + vj, X=l/2(2&)‘\Jr„ / dt)_ r;\x + vj. 

(3.85) (A+)-' A. iE+2D-\2b .)\dr^ I dt)_)r;l(x + v> 

=+-(E+2D-X(2Z? .)■' {dr^ / dt)_ )r;Ux + v.) • 

By multiplying the equality (3.85) on ( JC + v^)^ and applying (3.78) we obtain 
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(3.86) (AJ~^A_ {E + 2P-){2b_y\drJ dt)_ = 

-+-(E+2T>-\2b I dr^ / dt)_ + v. X-^ + )^]. 

After eliminating D", the equality (3.86) serves for the identification of the matrix 
A+. The matrix A+, renovated at the moment of applying the control, is determined 
as the A_ matrix. This requires the satisfaction of the following related equalities: 

def def 

(3.87) D+- = (D+-) , (E4-2D+-)(26+-) (rfr^ / = 

def 

= ((E+2D+-X2&+.r drj dt)._)Y , 

-1 -1 -1 
[(E+2 D+X2fe+)-‘(rfr, / c?0J((E+2D-X2&.) ] = 

def 

= [(E+2 D+X26+)’' ( dr^ I dt)^X{E+2D-X2b y\dr^ I dt)_)y^f . 

Taking into account the execution of the equations (3.81,3.87), the left side of (3.86) 
represents a symmetric matrix equals to the product of the underlined symmetric 
matrices. From the equahty (3.86) follows the identification equation 

(3.88) A+=+-A-[M.[(JC + v.X^ + v+)^]]’' r^_, 
as well as the relation (3.85) in the form 

(3.89) M_[(j: + v.)(Jr + v+)^]r;‘(j; + v+H-^ + V-) . 

Let us consider two forms of the controls (3.72) satisfying the accepted assumptions, 
i.e., the relation (3.89,3.77,3.87). The following relations for the controls: 

(3.90) v+=-v. + Z^(^ + v_), =(Z.^)^ 

^^ = (A^+E)r,.(^y+E)^ r;' =(ZWE)''r;'((Z^+E)-')^ , 

j, def 

(j + v.X^ + v.) (Z^+E)= (Z^ + EX^ + v.X^ + v/ 

are satisfying identically (3.89, 3.77) and are verifiable by the direct substitution. 

The condition (3.89) is satisfied identically at E , . 

By applying the last equalities, the equation (3.89) acquires the form 

(3.91) A+=+-A.(A^ + E)"' , A+=+-A.(l+ jU^)”' . 

The second form of the controls, according to the equations 
(3.92a)v,=Z;jf, V,-v.=A;jr-v_, eZ (i?”,/?”). 
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def 

def 

(3 . 92b)( ;c ^ X ^ ^ + E ) = ( Z. + E X JC ^ ) , 
r^^=(Z^+E)r(Z%E), r=M{xx'^), 
we also subordinate to the relation (3.89). After substitution we get the equalities 
(3.93) M_[(^ + v.)^^](Z%EX^^+E)-' (Z^^+E)-‘(Z^^+E)jr = 

=M_\t^x + V :)X^ \r~^ x=x + V 



{M_{{x+v_)x^)yf^_=r'^M_{{x + v_)x^)), 

(3.94) r~^^ X [(.t + v)..j:^]}'\j + v.). 

By multiplying both sides of (3.93) on {dr^ / dt)_ , we obtain {dx I dt) on the 
left -hand side and the equality 

Idr^l dt)_r~'^ M_[{x + v.)x^^r~'^ x= 

V- 

-M_ [( dr^ I dt)_ r"‘ (.r + v). x^^r~^ x=M_ gdx / dt). x 

V- 

on the right-hand side. From whence follows the equation 

(3.95) (dx / dt ). = M_ [{dx ! dt). x^^r''^ X. 



The equalities (3.93-3.95) are eqitivalent. By writing the model in the form 



(3.96) (dx I dt).= A'’ (t,X)X , A'’=A(E+ 



V/'Ty) 

Xi(t,.) 









); X .( t ,-)^0 



k,;=i 



and comparing (3.96) with (3.95), we arrive at the equality 

(3.97) M_ [A! (;c x^)MM_(A^)]r , 

which is identically satisfied if the following equality is fulfilled 



(3.98) 







pi 



In this case, the matrix (t - 0) =A^ (r^ - 0) is independent of the initial 
random conditions X (t^ — 0) , ^ = 1,. .. ,(m - 1) . 

According to (3.78), the matrix gets averaged by these variables. From the relations 
(3.96-3.98) follows ie equahty 

(3.99) M_ (Al)=Al =M_ [(dx / dt ). /]r ‘‘ 
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and the equation (3.95) is satisfied identically. From that follows the execution of 
(3.85-3.86). After substituting the obtained relations with the controls (3.92a) into 
the equation (3.77), we arrive at the equality 

(3.100) {M_ [(X + V.)X^]}"\.T + V_).T^={M_ K^ + V_).T^]}"^ + . 

From that, we get the condition to whom the considered controls should satisfy 

(3.101) M_ [(X .^^)](v_.T^+.T v/ )+[M_{xv J)- Af _(v_x^)](xx^)+ 

+ M_(xv/)v.x"~ M_{V-X^)xvJAoMj._, = 0. 

Both equations (3. 101) and (3. 100) are satisfiable identically if is valid the equality: 

(3.102) v.x^=x v7 ^ re{T^}, A: = l,...,m . 

From the equation (3.65) the relation 

{dx. ! dt).{x + v .f ={x + v / dt )J 
follows, which at x^ can be written in the form 

(3.103) (d^. / dt).Xj (1+VjJ Xjy=(dXj I dt).x^(l+v.. I x ^) , ij = \ ..,,n. 

This equation with respect to the condition (3. 102) assumes the form 

(3.104) (d[^^ I dt).Xj =(dXj I dt).x^ , re{Tj^}, k = l,...,m. 

The validity of the last equation is provided by the corresponding selection of the 
moments {T^ }, k = I,. .. ,m of applying control. 

Let us write the equality (3.99) with the consideration of (3. 104) in the form 

(3. 105) A^_ =ll2{dr I dt).r~^=\l2 {dr I dt). . 

The equality (3.92b) is satisfiable identically if the following relation is true: 

( 3 . 106 ) 

Taking into account the equalities (3.92a,b), the equation (3.88) acquires the form 

(3.107) A+=+-1/2(Z^+E)‘‘ r'\dr / dt).=+-ll2{A'^+E)~\dr / dt). , 
or it can be represented in other form, consistent with relation (3. 106): 

(3.108) A+=+-l/2(l+ r'\dr / dt).=+-ll2{l+ {dr I dt).r~^ . 

The values of , jil^ for the controls (3.90) or (3.92) are obtainable from the 

additional conditions (e.g., from the condition X(T)=Xj=\oj\\^ = O). 

Since the feed-back control is applied to the closed system, it is natural to assume 
the execution of the equality A+=A^ , which is fulfilled with ^0,-2), according 
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to (3.104, 108). The first part (jW^=0) is inconsistent with applying new controls. 
Hence the remaining part: jLl^=-2, brings us to the resulting equality for the 
synthesis of the control: 

(3.109) V^=-2x(T), 

(3.110) d v=v^ - v_=-2x(t)- v_ , v_=-2x(t+6), dV'^d, d=o(r). 

The last equation determines the control jump (a "needle" control's action), as the 
control, applied to a closed system. 

The formula of identification of the model operator at the moment T is 

(3.111) A+ =(A^f =ll2(dr / dtXr -o) r"^(r), {dr ! dty^dr I dt\x-o). 

The relations (3.90, 92a,b) coincide when the control takes the value 

v_=b||",,=0. 

Under this condition we have A +=+- A. = A\ 

At the moments of applying the controls, the initial macromodel is renovated, and its 
operator cannot retain its previous value, i.e., for Tj =0 we have A (+0)=— A (-0). • 

Comments 3.6. The relations (3.63-3.65) determine the values of the discrete 
controls, under whose action the identification of unknown operator takes place in 
process of the optimal motion. 

The time of the identification it a part of optimal process. 

This is an essence of the joint process of optimal control and identification [17, 20]. 

The reduced control presents a projection of the initial control on each of the state 
macrocoordinates, which is fulfilled in the case of controllability and identifiability of 
the object. The initial control, according to equation (1.1.1) (with the dimension 

r^ n), specifies the structure of the controllable drift-vector a!* -A{X + V) and the 

corresponding identifiable operator (3.64, 3.54). This control provides also a 
satisfaction of the equality (3.29). The reduced controls in (3. 109, 3. 1 10), produced by 
the variation principle, are meaningful for macrosystems, reflecting a mechanism of 
self-control, expressed through the macrocoordinates. These controls are also useful 
for a direct programming and prognosis of the macromovement. • 

1.3.3. The "needle** control functions 

The optimal control (3. 109) executes the variation principle in the form of equality 
S{x^) = extrS(x^) = 5^, where S(x,t)= S^(x,t) for all moments t is 

defined by such state variables {X J) that belong to a given set . The needle 
control (3. 1 10) selects and sticks the macrotrajectory pieces, where the above variation 
equality is violated. At the moment r + O of the applying needle controls, the 

variables X{T +o ) are leaving the set , being on the border of at the moment 
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T . The moment T + O of the exit from the set Q° is determined by the additive 
funetional of the stochastic process: 

The corresponding multiplicative functional defines the probability density : 



T+O / T+0\ 

q, =exp(-co^ ) = 



Oj <r + 0 
l,t^r + o 



of breaking (cutting) off the process . At the moment, preceding the breaking off, 

the state vector X is located on the border of with probability 1 , and at the next 

following moment (when X leaves the probability of X to belong to , 
becomes equal to zero. 

The additive functional on the time interval (T + 0,r + o + e) satisfies the relation 
foo,^< r + 0+ 

r+o+E \ ’ I 

\0J + o + £ r 



On the time intervals (T,T + (7;T + <7,T + t? + e),the additive functional acquires 
the form of the d -function: =6(o + £) that brings the 

entropy's increment 



Ai(c;+e) = M«>r"1= fd(co)P^Jdco) 

Q° 



0,xBQn 



defined on the extended set QZD at the condition of an uninterrupted probability 
measure Because the additive functional is continuous, the distribution 
(do) ) exists, which is also continuous. The step-wise jump of the macrolevel 
entropy requires the maximal increase of the entropy's speed, which can be carried out 

dS dS dx 

by a maximum of the microlevel entropy production: max — = max — r — , 

dx dx dx 

dx = dip + f) . In a limit we get max — = d(x) -function on the punched 

dx 

localities of the set Q having a vaitishing small probability measure Pidcjoi) , 

defined by ^ • Therefore the solution of the variation problem for 

a continuous macroprocess, composed by a sequence of the extremal's segments, leads 
to the entropy minimum within each extremal's segment at the set and a 
maximum of the entropy production at the extended set Q , where the extremals are 

joint together. The entropy's increment AS(x) increases the fixed value of entropy 




150 



Variation Principle 



S{x-o) at each extremal's junction. The needle control's action provides the 
increment entropy at the macrolevel by opening an access of the microlevel's entropy 
production to the macrolevel that initiates the cooperation of the extremal's segments. 
This is associated with the step-wise changes of the probabilities P[x( t)] , having a 
maximum within each extremal's segment, and a minimum of the probability's 
densities at Q. The necessity of breaking off the stochastic process follows direcdy 

from the condition of keeping this process within the set to satisfy both the 
micro- and the macroequations. The moment of the jump of the additive functional is 
a Marcovian moment that corresponds to the moment of reaching the given set and 
breaking off the initial process. For the Marcovian moment, the probability 
distributions before and after the jump are independent. 

Uncoupling of the time correlations: 

M[x^(r + o)x^(r + o + e)]=M[x.{r + o)]M[x^{r + o + e)], i =l,...,w, 

takes place at each Marcovian moment of applying the needle control. 

Let's show that the control's actions generate the macrovariable defined by the 
microvariables. 

At the moments (T,T + 0 + e), the macrotrajectories X^ are transferring into the 

microtrajectories X^ and back to the macroprocess. At moment t=T, on the 
border, the micro- and macrotrajectories are undistinguished. 

Taking into account the relations 

M[L(x)] = M[M,,[L(r}]] = H(r),H(r) = ^Spirr'^r)), 

and a similar form for the functions L(*) , L(*) , we have 

Sp{ir-\x)) = Sp{i=r\r)), r(r) = . 

For X^ (t) = r.. (t) , the connection of the micro- . t’ and macro variables X 
follows: 

1 

(T) = { (p{x\ (T))(3r,' (r))\dx' , (t))}^ , 

G" 

which can be determined only for the moments of applying the controls. Because this 
relation is satisfied on the border of the region at the moment T , when 
p(x\(r)) =d(x\{r)) , the values of the macrovariables a:. (t) = x\ are 

limited and defined by the above set of microvariables. The macrovariables are 
associated with the border's values for the set of microvariables where both the 
micro- and the macroequations satisfy simultaneously. The problem of the 
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macroscopic averaging of random functional has been reduced to the solution of the 
variation problem for the corresponding nonrandom functional, being defined on the 

border of some region (Q^). The problem gets solution by breaking off the controlled 
random process at the moments T , and by keeping the process within the given set 
, where the condition x{r) = P (t)|^ is satisfied. • 

1.3.4. A joint solution of the problem of the optimum 
control and identification 



Solution of this problem we consider for the object, observed discretely at the 
moments of applying control (3.65): T }, k = 1,. .. ,m , and transformed by the 

control into the terminal state Xj =0. For the object's model in the diagonal form: 
(3.112) d A(z + V),A=G"‘ AG,G=|G^||eZ.(/?")j 



del o,V /eA , z=Gx, v=Gv, 

(3.112') = = 0,Vr=-2z(T), 



A”=A(E+ 



z,a-) * 




the piece-wise matrices have to be fixed inside of the intervals of the control 
discretization and are identifiable precisely according to equations (3.54, 3.64) at each 
discrete interval. 

Theorem 3.4 (T4) . Transferring the system (3. 1 12) to an origin of its coordinate 
system by the controls (3.65), applied at moments when the equation (3.63) is 
satisfied, requires the existence of a minimum of two eigenvalues, which at each of 
the moments satisfy to the equality 

(3.113) ,T,); k\ =A.(/=t,.j), a = 

with the number of the control discretization intervals equals to n . 

Proof. By applying the relation (3.63) to (3. 1 12) with the V -controls from (3.65): 



(3.114)A(t^+<?)= A\t^ -oydr I dt{r^-o\r{x^)) S 
A(+0)=- A(4)>A’'(-0); A\T,-o)=|A,(0|r^i = 

^ij=M[Z,^t,.)]. v=-2z(T^_i), 

we arrive at the equality (3.113), where , A^~^ are connected by the recurrent 
relations 
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A* =- K\ exp{ A; ))(2-exp( A^ ))‘‘ , 

obtained as a result of substitution of the solutions of (3.112) into (3.114) with the 
controls from (3.104): 

(3.114) Z,(/, M2-exp(A'"'T,))Z,.(T,_i), ,T,). 

By writing the solution for the last control discretization interval ( 1 ’ =T: 

(3.115) z^(T,.) = (2-exp(A7''T))z.(T„_i ,) = 0, z.(T„_, ,)^0j = l,...,n, 
we come to the relation, defining T by the preceding equahzation of the eigenvalues: 

(3.116) T=T„_i+ln2/A7‘'. A”-'>0, Ar'=Ar' •••■=A7'>0. 

At other discretization moments, by applying the conditions of the pair-wise 
equalizations of (3.114) and (3.116), we get the two chains of the equalities for 



<\m-l ^ m-1 >\m-\ 

(3.117) Aj =A^ =....=A„ 

A m — 2 f\m — 2 ^m — 2 

1 =^2 = = ^n-l 



A m- 1-1 nm-i -1 ^m-i~ 

1 =^2 =--=^n~i 



(3.118) > 

and for n^m accordingly, which brings the following chain of the equalities: 

(3.119) A7'‘=A7‘....=A7‘ 

A m -2 f\m -2 ^m -2 

1 =^2 = = ^n-l 



A m-i -1 ^m-z -1 

1 =^2 



(3.119*) Ar”"'-Ar”"' 

The system of the equations (3.117, 119) defines the sought (m -1), ( n -1) 
moments of the controls discretization. From the equation (3. 1 17), in a particular, the 
equation (3.118) follows. This is inconsistent with the condition of a pair-wise 

equalization of eigenvalues (3.113) at n >m . The system (3.119) is a well defined, 
it agrees with (3. 1 12), and coincides with (3. 1 17) if the number of its equations is 
equal to the number of the unknowns. Therefore the equations (3.117,119) have a 
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sence only when n = m . • 



Theorem 3.5 (T5) . Execution of the conditions (3. 1 13) leads to an indistinguishability 
in time of the corresponding variables in some coordinate system of states: 



AAA AAA 

(3. 120) Zi=Zj-,Zi =Gij Zj ; Gij = 



cos (p,j, -sin (p^j 
sin (p^J, cos (p^j 



<p^.=arctg( 



Zj{T^) + z,{r^) 



■)±Njt,N ^0,1,2... 



To prove this we consider the geometrical meaning of the condition of equalizing of 
the eigenvalues, as a result of the solutions of the equation (3.1 12). 

Applying the relations (3.63) to the solutions of equation (3.112), we get: 



dz, dZf 

(3.121) ;z, Zi(r,-), i,j = X...,n,k = \,...,{n-\), 

Z^dt Zjdt 

where the last equality defines a hyper plane, being in parallel to the axis =0, 
Zj =0, i^ 7 , 7 = 1, . . . , AZ . By rotating the system of coordinates (o . . . . ) with 

respect to that axis, it is found a coordinate system where the equations (3.121) are 

A 

transformed into the equalities for the state variables Z^ in the form (3. 120). 

The corresponding angle of rotation of the coordinate plane (o Z^ Zj ) is determined by 

the relation (3.120). Due to the arbitrariness of A: = 1,. ..,(w- 1), i,j = X...,n the 
foregoing holds true for any two components of the state vector and for each interval 
of discretization. By carrying out the sequence of such (n - 1) rotations, we come to 

A A 

the system (o * Z„ ), where all the state variables are indistinguishable in time. • 

Comments 3.7. If a set of the discretization moments ) exists (for each 

optimal control ) then a unique solution of the optimization problem is reached by 

choosing a ntinimal interval for each that accomplishes the transformation of 
the system to the origin of coordinate system during a minimal time. The 
macrovariables are derived as a result of memorizing of the states Zj ), 
i,k= l,...,n in the relations (3. 121), which constitutes an attribute of the applied 

control’s equation (3.112'). The transformation (Gx G) transfers {X^} to new 

A 

macrovariables { Zj }, whose pair-wise indistinguishibility at the successive moments 
{T^ } agrees with the reduction of numbers of independent macrocoordinates. This 
reduction has referred as the states' consolidation. The successive equalization of the 
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relative phase speed (3.63), accompanied by memorization of determines the 

content of the ordering mechanism [11]. Therefore, the problem of forming a 
sequentially consolidated macromodel is solved simultaneously in the process of 
optimal motion, combined with identification of the renovated operator. The 
macromodel is reversible within discretization intervals and is irreversible out of 
them. According to the extremal properties of the information entropy, the segments 
of the extremals approximate the stochastic process with a maximum probability, 
i.e., without losing information about it. This also allows us to get the optimal and 
nonlinear filtration of the stochastic process within the discretization intervals. • 

Comment 3.8, Solution of the equation of differential constraint (3.21). 

Let us consider the equation of the constraint (3.21) in a more general form: 

— + A^FA =0 at X ={x^},i= l,..,n , A= A(x\A = A^,F= F{x), 
dx 



Applying matrix A on both sides of the equation and using the symmetry of A , 
1 1 

we get A A + F = 0 . Applying the chain rule for the differentiation to the 

dx 

matrix A A = E and then multiplying by A on the left side gives us 

,-idA . 

A A , which after substitution in the previous equation 

dx dx 

dA~^ ^ ^ 

brings — + r = 0 . By the integration of the last equation with respect to all X 

dx 

components, we obtain the solution A ^ = ^Fdx. + A'\x^,...,x^_„0,x^^^,...). 
In particular, considering the simplified equation for a one dimensional X , 



F=2E,— + 1XA = 0, where A^{x) = A(;c) = 
dx 



a{x),b{x) 

b{x),c{x) 



and substituting into the previous matrix equation, we get the solntion 




2xE 



'2x,0' 

0,2x 



A'\0) 



r_£ L_i 

I oc - ’ ac -b^ \ 



[ ac- b^ ’ ac - b^ \ 



[ 2x(ac-b^) + a b ] 

^ \Ax^{oc - b^) +2x{a + c) + \’ Ax^{ac- b^) + 2x{a + c) + 1 1 

I ^ 2x{ac-b^) + c I 

[4jt^(ac - b^) + 2x{a +c) + l’4;c^(ac- b^) + 2x{a + c)+ 1 
The last solution can be directly applied to the equation (3.21) for 
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A= X = 



[x,„X,,\~[b(x),cix) 



A(0) = X(x = 0) 



[X„(0),X,,(0)] 

[x,,(0),;^,(0)J- 



The above solutions can be equal at the state coordinate points 



ai0)-bi0) 
2(a(0)c(0) - b\0)) 



with the following equalities for the conjugate 



coordinates, determined by : X^^{ 0 ) Xj2(0) , 

X,,{x*) = X,,{x*) = X,,{x*)= 



m 

4x (a(O)c(O) - 6^(0)) + 2;c * (a(0) + c(0)) + 1 ’ 



There is also a possibility of the equalization of the 

solutions Xj2(-^) = X2i(x) , ^2(*^) » of solutions X(x) = X^j (x) , 

i, j = X 2 for initial conjugate variables X^ ^( 0 ) = ^22(0) 0 , Xj2(0) 0 . 

The considered DCs and the natural constraint's equations along with both regular 
and needle control's functions are the fundamental attributes of the solved variation 
problem. 
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2. THE SPACE DISTRIBUTED MACROMODEL 



2.1. The information macrofunctional and the Euler- 
Ostrogradsky equations 



The controlled bi-level model of distributed object contains the distributed random 
process \{l) = ^(to",f,/)at the microlevel depending on a nonrandom space 

parameter I V-l, 2, 3. 

The process is considered to be a solution to the controlled stochastic equation 

( 2 . 1 ) d x^(ly=a(t,x^(l), u,(l))dt+ a(t,x^(l))d x^=r](a}' J), 

where X,(l)=M'[x^^x(w' ,•), 



2b = aa ,M'[-]=j[-]P {dco'), (o' EQ' , o(t,>),u(t,x,-) 

satisfy the requirements for the concentrated model ( 1 . 1 , 1 . 2) . 

This means both the drift (a) (as a regular distributed flow) and the diffusion 
conductivity of a medium (O’) depend parametrically on the nomandom the V- 

dimensional vector I =e I , that characterizes the geometrical coordinates of a point in 
some selected affine space system. 

A given microlevel process ^/(/) = x\(o" Jj) represents a task by analogy with 
the task for the concentrated model. The controlled microlevel process 
Xj{l) = is considered in a derivation of the some programmed process 

X^\l) , where /j, }. 

T 



The functional of corresponding variation problem: S 



= J AT \L]dt depends upon 



the space variables. The entropy functional that averages S by2Ci?^is 

T 

(2.2) 5 ' = JJM [L]dtdv , d v=d I, d l^d , 



serves as a measure of closeness of the considered random fields {X^,X^), which 
model the local interactions. The corresponding proper functional at the macrolevel: 

(2.3) s'’ = CL(x^{t,l),^x^(t,l)l dt)dv , dv = dvdt. 



(2.3')L = 1 /2'2(2b\r^ dx,(t,l) / dt dXj(t,l) I dt,x:A xR^ ^ R\ 

A d R\ , where is the four-dimensional space-time region of (I J), satisfies the 
principle of local stability in the field theory [1-2]. 

The problem is to find ^e extremals of the functional (2.3). 
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The macromodel, obtained as the Euler-Ostrogradsky equation [2] of extremals for 
the Lagrangian (2.3'), has a view 

n 

(2.4) ^{d\ / dt\2by\j+dXj(t,l) / dt[d(2by\j / dt - 

n 

- Il2^d{2by\j I dx^ ^x^{t,l) / ^(]}=0; 

iTl 

dx^ / dt=a^(t,x,u), a^^A{x+v(j ,1)), A=A^ , m = 

b=b(t,x), b , A: AxR^ ->Z.(i?"); M: A tEA, r^n. 

In particular, for the diagonalized matrix model with the Lagrangian 

(2.4’) L^'^iay^dx, / dtf, 

i = l 

we obtain the equation of extremals in the form 

(2.5) dx^i / dt^ -ay^ ^a^^ I dt ^x^ I dt , i = 1,... ,n . 



2.2. The invariant conditions at the transformation of the 
space coordinates 



The space motion in a field is presented by the transformation of coordinates 
that are given initially in the immobile system, connected with an observer. 



and are transformed into the mobile coordinate system / k=l,2, 3: 



(2.6) I =Al%L , L=L(t), 

with an orthogonal matrix of rotation 




and a vector L ={Z^}, k =1,2,3 



reflecting an appropriate shift of the origin of the initial coordinate system. Relation 
(2.6) represents a continuous, simple, single-parametrical (of t) family of Euclid’s 
space transformations that allows of changing a scale in each of the space points and 
is the most general in the theory of Solid-State Matter. Extremal principle provides an 
invariance of the proper functional (PF) (2.3) on the family of transformations (2.6), 
that enables system to preserve the macrodynamic laws in all observed mobile 
systems at deterministic movements of the object (2.4). The process, defined by 
Lagrangian (2.3) and the transformation, determines the object's natural space 
coordinate system. The problem consists of application Noether's theorem [2] for PF, 
transformed by (2.6), and determination of the parameters of the transformation. 
Lemma 1. The invariance conditions for the functional (2.3) at transformation is 



(2.7) Zo = 



t“t, 

r = A{ty\l - L) 



and is an equivalent to the invariance conditions at transfonnation 

(t* = t*,t* = t + 6t, 

( 2 . 8 ) Z,=\- _ 

[r = A{t*y\i * -L(t*)) 
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Indeed. Let us consider the vector 

/■ * + 6t)V + L{t+dt) 

at fixed t*, defined by the space shift dV . According to Noether's theorem for the 
functional, which is invariant at transformations (2.7), the conservation laws hold 

true at small deviations of parameter dt.li defines: =S^o =S ^ ; Z =Si =S^ . 

From that, we get S^o-Si . 



Besides that, for the shift 6 / ^ , which can be observed only in an immobile system, 
the invariance conditions must be preserved during a time. • 

Theorem 1. T he execution of model's equations in the form 



(2.9) dXj I dt(tj llldx. I dl*Y, 



(2.10) y = lim 



ot ot at 



dy I dt = 0, ^=1,2,3; 

represents the sufficient condition of the invariance of the functional (2.3) at 
transformation (2.8) for the twice continuous differentiating function X^=X.{tJ) 



satisfying the equation of exremals (2.4) (with the nonzero derivatives 0 ). 

dt 

Proof. The functional (2.3) is invariant at transformation (2.8) if the following 
equality is true: 



aiA\) ^L{x^,^x^ / dt)dv + ^L{^x^ / ^t,^x^ / dl)dv =^L{x° ,dx° / dt)dv^. 



L = 0 , dv = dvdt , 

where the states (X^^ ,X^), given accordingly in the immobile and in the mobile 
coordinate systems, are connected by the relations (with a symbol of scalar 
multiplicationo): 

( 2 . 12 ) x^''=x.(t,Ar + L), 



(2.13) dx.^ I dt=dx^ / dt (t ,A ■¥ L)+<dx^ I dl ,dl I dt>- 



= ^x^ I dt it, aJ%L )+<( dx^ I dl , A{A y\l- L) + L )>. 



The last equation follows directly from the considering below the gradient form of 
the equation, determined in the coordinate systems, connected by transformation (2.8): 

3 



(2.l3V-^i ! dlJ=^{dx^ / = A \^,y=l,2,3; 



gradx^ = Agrad°x^ . 

— -1 —T 

From this equation, at the execution of A -A , we obtain 
(2. \A)<dxJ dl ,dl ! dt >-< Agrad x° ,dl I dt >=( dx^ / dtf dJ I dt = 

=iAgrad° x^ f dl I dt =(dx^ / dl° dl / dt =i(dx. I dV Y A dJ I dt . 
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The condition (2.11) after substituting (2.12, 2.13) leads to the relation for 
Lagrangian 

(2.15)L'=1/2 ^{2b)ll{<{dXj I dl ,A{A)'\l-L) + L)>x 



I dt+ll2<{dx. / dJ ,A(Ay^{[- L) + L)>]+ 

+<( ^x^ / dl , A(Ay\i- 1) + i )> X 

x[dx^ / dt+ll2<(dxj dhA{Ay^(l- L) + L)>]}=0, i = l,...,n, 

which is executed if one of the following equations is true : 

(2.16) dx^ / dt+<(dxj dl)^ , (A(A)’^(/ - L) + L)>=0, / = 1 ,... ,n . 

(2.17) <(^.t :( ! dl)'^ ,(MAy\i- L) + L)>=0, i =l,...,n. 

dXj 

At ^ 0 , only equation (2.16) is left. Besides (2.16), the sufficient condition of 

dt 

the functional (2.3) invariance represents the equality for first variation: 65^=0, 
which at the variable domain of the integration for 6S^ -6S\ + 6S\ has a view: 






U dx^ Udk d(dxj diy> 



]ax )dv , 



A A V 

^Xi = d x^- \ — y,, 

( 2 . 18 ') 55 '= f 2 [— ( — 

Lii, dCd(dxj 






where the last component in dS^ , that represents the integral of divergence, can be 

reduced to an integral at the border of the domain . The parameters according to 

[2] are defined by the transformation of the coordinate system (2.8). 

After decomposition (2.8) in Maclauiin's series we have 

(2.19') I(t + dt) S i(t) + 6t[A(Ay\i- I) + i] . 

From this equation follows the equality for the auxiliary function 

_ ,, Ut+dt)-l(t) dl ^ - I - - ^ 

(2.19) y =lim- f — ^-l-=—=A(A)-\l-L) + L, y^=l. 

*-o dt dt 

The condition aiSj = 0 defines the equation of extremal (2.4), (2.5). The remained 
equation is from which (at an arbitrary G^) the relation follows: 

(2.20') > (> (->— u))+y =0, / =l,...,n. 

’ Udi,iid(dxjdiy u dl. 
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T 1 

Because L does not depend on , k =1,2,3. we amve at the equation 

dL 



d dL 

(2.20) -(2; 



"it 

dx, 



dt'f:id{dxjdt)^ 



dl 



From that, taking into account the relations 

dL , dL dXl 

(2.21) =X , =— ^ , 

d(dx^ / dt) dx^ dt 



we have 

d ^ 



( 2 . 22 )-(f x; (- t t (. x; 



‘ tidl, dt 
dL ^ dL dx- 



dL 



d X, 



dX} dx, , d^x. 



dl, 

" d{Ly,) 



u 4 j^ M ‘ 



^ U dx, dl,^ d{dx, ! dt) dl,^dt U dt dl, 

dX] ,-^y d X- , ; d^x 



dlj,dt 



(2,24) y ^^=<gradL,y>=yi^ (Y ^y.hXl (Y ^j,) ). 
dl, ^ ^ ^, dt Udl/’' ^Udl,dr 

After substituting the equations (2.22-2.24) into the condition (2.20) we obtain 



"it t=i 

dXj d X, . V d^x, T j- - 
dl, fr, dl,dt 



dt 



y=(3'i.W)> divy^ = divy. 

For the twice differentiating function X.-X.{tJ ) of the arguments {tj) on 
A X , the relation: 
d^X, d^X, 



(2.26) 



dlj^dt dtdlj^ 



i==l,..,,n,k=lX3A 



is correct. Then the equality (2.25) leads to the equation 

(2.26-) yx‘ (-y^^) + Uivy=0, 

ti fi dl, dt 

from which at 

(2.26a) L=l/2 Y(CT;;'‘^JC; / dtf =112^X1 — 

dt 

we arrive at the equation 




Mathematical Foundations 



161 



(2.27) 2^- [(-y 

i=i im 






x-l 



)+l/2(i/v}; — ^]=0. 
dt 



Because the matrix A(A) = C is a skew-symmetric, it is fulfilled divy =0. 
The remaming equation is 



(2.28) jx,'(- 






1^1 m dlj, dt 
which is executed at the condition 
(2.29) dy I dt= d{y^, y^ y^)/ dt = 0. 

The last result is also true for the general Lagrangian form (2.3), because the 
equations (2.17, 2.21) are satisfied for functional (2.3). If a functional is invariant, 
then the first of its variation turns to zero automatically on the extremals. Because of 
that, the equation (2.28) must be satisfied. This is an additional requirement for the 
execution of (2.29). 

The identical execution of (2.28) by means of condition (2.29) (that is fulfilled by an 
appropriate choice of the functions A = A(t),L = L(t)), corresponds to the 
condition of the conservation for the informational laws. 

Considering the fulfillment of the Noether theorem at an arbitrary (nonextremal) 
surface, we may write the first variation of functional (2. 18) in the form 



'4 i=l 









( — ox. + 
dx. ' 



dL 



d{dx^ / dl^) dt dlj^ ^ 






dL 



O '* ^-1 

At the condition of an arbitrariness of the integrating domain, we obtain 



(2.30)2(— + 



dL 



didxjdl,) dt^ 



d{Ly^) 

dl 



= 0 . 



uyuA,. I UL k = l 

The last component of equation (2.30), taking into account (2.21), can be reduced to 
the form 

" d{Ly,) 



(2.31)^- 



dh 



■ ^<gradL,y^>+ Ldivy^ =<gradL,y^>= 



^ dx- d^x^ ^ dx. do.. 



i = l 



^ /97 
=1 



dt 



By substituting equations (2.21,2.31) into the equation (2.30) we get the relation 
-3 ^ \ dX- -id dX- 

(2.32) X2K-77‘^» 



i-1 



dt 



dl 



dt 



dt dl^ 
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« St “ u StSlJ " e, si/ St 



dx, -3 V' / O'-^i o X OXi o\i 

^ ~ ~ dtdl^ 



<?X ^CT„ <? X 



(?X^ 



rx,. 

dtdl 






<?x, (?a, 



^4 



-)]=o. 



From whence, taking into account relation (2.26), we arrive at the equation 



(Z 3 ., 22 fa,rn 2 -^^)= 2 x'(S- 



dXi dy^ 



7=1 iF=i dl^ dt 7^1 tn 



dt 



dl^ dt 



•)=o. 



that coincides with the considered equation (2.28). 
djk 

This means the identity = 0 is executed, and the condition (2.29) is satisfied. 

dt 

Therefore, if the functional is invariant, its first variation turns to zero by the 
transformation that executes the condition (2.29). • 

Corollary 1. The sufficient condition of the functional invariance is the execution of 
the equation (2. 16), i.e., it requires the fulfillment of the equation 

(2.33) i=l,2,...,n. 

U dh dt 

Indeed. By substituting the equations (2.33) and (2.21, 2.31) into (2.30) we obtain 

_<?x -zdo,. dx. .^x^ _2 -^-dx, .3 

(2.33-) > [(-2— — ^)— i- + 2— i-q. -^]+ \2— ^q. x 
dt " dt dt dt " dt^ n dt " 

-A (?^x dx. do,, <?X -3 d~^x, 

^(/ 1 JiPii + — — ^)=>2 — -o„ ( — 

" at at 4^. at " at^ " 



M dtdl^ 

dx 



dt dt ' f:{ dt 
d^x, d dx, 



dr 

" dx, dy, 






V'/-. -2 ^ ^ V' V' 



k 

dx. 



-A (?X; _2 d^x, d^x, , 

dt ^ dt'' ' dt' ~ dl,, 

dx- _2 in dy^ ^ ^ dx^ dy^ 



_V2-^a Y ^Xk 
^ " Udlk dt 



7^1 dt “ ' dlk dt ' ^ dt 

Thus, the relation (2.29) has been obtained without using the condition (2.26) and 
the extremal equations. 

This is the result of execution (2.33) that guarantees the zero equality for the first 
variation of the functional. But from this fact it is not possible to get direcdy the 
sought transformation (2.7). 

Only after transforming the first variation into the form (2.33), it does become clear 
that the identical equalization of this variation to zero must be executed by the 
fulfillment of relation (2.29), which is a consequence of the initial variation principle. 
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Moreover, the result (2.29) represents a condition of the constant space velocity in an 
arbitrary coordinate system. • 

The equations (2.9, 2.10) we consider as the differential constraints, imposed on the 
field equations by the variation principle. 

2.3. The parameters of the space transformation and the 
distributed macromodels 



We will use the equation (2.10) for determining the parameters of the space 
coordinates transformation at the following conditions 

_ MM M • M • 

(2.35) y=y(t,l)=A{Ay\i- L) + L=C(i -L) + L ; 

-^=C(l -L)+CL+L+0. 

dt 

The last equality has to be true identically at any / . 

From whence the equation for the angular rotation follows: 

(2.36) C (t)=0, C= |Cy I , C. . =Const, iV 7 , . - C .. ; =0, 

and the equality (2.35) is divided on two equations: 

(2.37) A(A)"^=C, A =CA ;C=1/2(C-C^); C^=|C^.,.j; 



(2.38) L -CL =0; L=CL , 

where C is an angular constant of the speed rotation. 

By integrating (2.37) we obtain the equation for the space coordinate transformation 

(2.39) A (^ )=exp[(/ ^ t^ )C] A {t ^ ), t^ =s. 

For the considered plan movement with the transformation matrix: 

- |cos0,sin0 II - , 

(2.39’) A=\ ; A"'=A^ , 

|-sin0,cos0|| 

the equality (2.37) is executed at the fulfillment of the equations: 

dd) |-sin0,cos0 I |cos0,-sin0|| 

(2.40) — 

dt |-cos0,-sin0| |sin0,cos0 

Thus, the relation (2.40) is the necessary and sufficient condition for fulfillment 
(2.36) at the plan movement. From whence, taking into account the requirement 

_ dl dy - T, , , ,, 

(2.40-) };=— =-f ^=C, / =/((^ (/)) . 

dt dt dt 

we arrive at the condition 



dd) 

bC; =Const. 

dt 



dl 

(2.41) =Const. 

d(j) 

Fulfillment of this condition is not enough for the general case of space movement. 
Equation (2.38) admits reducing its order, and it is represented by the solution of 
system of regular differential equations with constant coefficients at given initial 
conditions: 
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(2.42) R=CR,L=R; L{Q=L,; L {t,)=R,. 

The fulfillment of the extremal principle leads to the following equations 

dx dx — — ^ — 

(2.43) — =- 1/2<(-=,(A(A)"‘(/-L) + L))>=0, A(A)"‘=C, L-CL=0, 

dt dl 

C=l/2(C-C^). 

The joint consideration of the equations for extremals (2.4) and differential constraint 
(2. 16) leads to the following forms of the distributed macromodels. 

By substituting equation (2.33) into equality (2.5), we arrive at the model 

d'^x. ^ dx^ ^a.,. . 

(2.44) a, ^+l/2(y^3'r)^=0; ^ =1,2, 

dt olj^ dt 

After differentiating the equality (2.33), we come to the equation 
d^X- d^x^ ^ dx^ dy^ d^x^ ^ d^x^ 

dt^ « dl^dt U A dt dt"- U dl^dt ^ 

i = \,2,...,n. 

By substituting the last one into (2.5), we get 

do„ dx. d^x. . 1 

(2.45') -—+l/2cr. > — -^u=0; I =l,2,...,n. 

dt dt "Udl^dt ^ 

And finally, after substituting equation (2.33) into (2.45), we obtain the model 
X^.d'^x^ dx^ do^^ dx. do^^ d{dxj dt) 

5^ dlj^dt dlj^ dt dlj^ 0^^dt dl^ 

The controllable distributed macromodel with the reduced controls V is 

dx ^ - dx ^ 

(2.47) — =A(^,/ X^+v); C — ^A(t,l X^+v), 
dt dl 

and can be represented also in the form (as the right side of (2.47)): 
n ^ ^ — — — 

(2.47) y^A^ix, + v^) - 22 (^a;4^‘(A/”). + 4(0) . 

^ tmv=\ dl^ 

If each of the phase vector's component X.-X performs a single-dimensional 
movement in the direction of the space axis /. -I , then (2.47) acquires the diagonal 
form 

dx . dx . , , 

(2.48) — =A (x+v)\c — =A (x+vy,x=x(tj),v=v^(l)^^2x(s,l), 

dt dl 

A=A (f,/). 

Within this system, the parameter A =A (f , / ), which defines the matrix A , is 
identified by an analogy with the concentrated model: 

ClA9)k {t ,l)=cU[^-{x+vf )r~^ j^=M[{x+vXx+vf I 
dl 

= 1/ = o^p^ . 
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The jumps of the model's control and operator are defined by the needle control's 
actions: 

(2.50) 5 v=v(T+o,/)- v(T-o,Z), 6 A= A(t+o, 1)~ A(r-o,l), 

The set of discrete moments: T = Ut, C A is determined from the Erdman- 

k ^ 

Weierstrass' conditions [2]. 

As a result, we obtain the optimal control, particularly in the form 

(2.51) V(T+o,/)=-2.T(T+o,/) 

and the following equation for the matrix renovation: 

dr _i T 

(2.52) A(t+o,/)= 1/2 — (T-o,/)r (T,/), r(T,/)=M[.T + vX^+v+) ] 

dt 

at the moments of the equalization of the relative phase speeds of the state vector: 

dZi _i dZi 

(2.53) -^{r-o,l)Zi (T,/)=— ^(t-o, 0 z." (T,/), 

at 



dt 

G:Axi?^^Z(/T). 



The relation (2.53) identifies the points of the control application and the matrix A 
renovation. 

The Lagrangian, in a more general case than (2.2), admits the representation 
(2.54) L=- G,, ^ , 



yi 






i = l 



dt 



t=i 



dL 






dl 



where the vector y is proportional to the gradient of the state vector, and it is 

analogous with a general force [3] and the conjugate vector X . (The complex 
conjugated variables are indicated by *). The corresponding Euler-Ostrogradsky 
equations lead to the equation of extremals for the main (.^ , J) and the conjugate 
variables ( J *, }) ^ ) in the above equations: 






dt 



d^x, 

* ^),i =1,2, 



j-l k,m=l 

In a particular, at the conditions 

(2.56) , G„*=j,*G„ G.G.=G„=()„,(:.m=l,2.3 

the equations of the extremals acquire a view 

dXi d X- I |/i 

lie - 

This last equation leads to the matrix diffusion eqnation in the form 

dx A 

(2.58) — =d/\x 

dt 

with the generalized diffusion matrix D and the Laplace operator A = . 
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The macromodel in the form of the nonequilibrium thermodynamic equation follows 

_ dx 

from (2.55), using the definition of the generalized flow [3] : I- — . 

dt 

From equation (2.54) we get the connection between the flows and forces X : 

(2.59) 7-2 , 4=4 g, ; ^ = g, ^ = 1, 2,.. .,n . 

j=l m = l O^rn 

The equation of extremals takes the nonequilibrium thermodynamic form 

dx , —I —I dAS‘ _ 

(2.60) — =2b X ; X , VjC=gmd.^: , 

dt dVx 

and follows directly from the entropy form of the macrofunctional for the local 
homogenous fields: = 1 / 2Vx^ gVx . 

The macromodels of the distributed systems, described by the integral equations 

(2.61) . 






dr 



depend on the kinetic operator / — (l,l,t) that is identifiable by the 

dt 

correlation vector- function 9 of the initial random field. 

The optimization problem is formulated as a maximum condition for the 
Hamiltonian 

(2.62) H^f—(t,J)*X(t,J)dJ. 

J dt 

V 

For the space distributed system, the generalized flow I =a^ depends on the gradients 

(2.63) a=8o^‘,g^=8Axj,vy 

At this case, the random field is averaged with respect to some piece-wise space 
curves, defined from equation (2. 1), with the shift- vector depending on the generalized 
flow. Among those curves, the variation principle is able to select the extremals of 
the proper functional. 

For the proper functional and its Lagrangian in the form: 

(2.64) 8= ff Ldt dl ;L=l/2(a“f(2by^ a“ - l/2(—^ r^'\x+v)~ 

dt 

T -1 dx 

-ix+v) r, = , 

the Euler-Ostrogradsky equation has a view: 

dL d dL d dL dx d 

(2.65) ^-— — =l/2[r, — + “ (^ (^ + V))- 

dx dt dl gx^ dt dt 

,-iddx 
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from which the equation of extremals follows: 



_i dx dx d , _i 

(2.66)l/2/-/— + l/2r/— + 1/2 — (r^ (J + V)H/2(2& )g^ 



dt 

T 



dt 



dt 



d X 



d X 



( 2 . 66 ') +\l2{x+vf 

dt dt dl 

We receive the controlled diffusion form of macroequation, identified by microlevel 

dx , _1 d'^X dr^ -IT T 

(2.67) — =l/2(r, g^{2b) -^+ (x+v) ); r,=M{(j/+vX/f+v) }; 

dt dl dt 

dx J dx T -1 -m w 

(2.68) ^,-M{ — (J + v) }X\M{ — (X+V) }] , 

dt dl 

which represents a known form of the diffusion equation: 

dx . , d'^X 

(2.69) —=Ht,bit))^ + f (fX^+v). 

dt dl 

with the controls V (T , / ) and the relations for the identification of the functions: 

(2.70) /=l/2r,(26)“‘ g^ -f =\l2^r;\g^{t) =r^ (r[y' , 

dt 



(J Jv *T / (J ^ •T 

=M[—{x + v) )], ri=M{ — (x+v) }. 
dt dl 

The considered macrodynamic models have the following common pecuharities: 

•the natural connection with the random microlevel processes 
• the unity of the macrodescription and identification 

•the formulation and solution of a particular control problem by a general form of 
proper functional (that is concretized for specific object). 

The choice of the concrete macromodel depends on specific characteristics of the 
identified object, the particular task, and the methodology of the model application as 
well. 

The identified macroequations, that reflect the informational regularities of complex 
systems (represented by the variation principle), are more substantial than the 
approximation of the observed processes by a prior chosen class of operators. 



2.4. The time-space movement toward the macromodel's 
cooperation 



Let us have 3 n dimensional space distributed macromodel 

(2.71) Ax,x = {x^{V)t:,,V = (tt4). A=lla,,ll, i,k= 
dt 

whose each of three-dimensional space coordinates vector V is built on the local 

coordinate system, created by the corresponding eigenvector of the matrix A. 

The cooperative process includes the equalization of the matrix A eigenvalues, 
which requires the matrix diagonalization. During the cooperative optimal movement, 
the equation (2.71) will be transformed into the equation 




168 



Variation Principle 



, r‘A(0)r = A(0), 

(272b)z(T) = Tx{t) ,t = |r;L,-7”‘A''(T)r= A(t) = -K{r)J = A 

(2.72c) -r‘‘A(0)exp(A(0)T)(2£-exp(A(0)T))'^(T)r= A'Ct), 

where T is a transformation, reducing the matrix A^(t) to diagonal form A^(t) , 

by an adequate space transformation A of the matrix A eigenvectors’ coordinate 
system, with the aid of applied control V = v(t) . 

At each discrete moment (DP) T = , the applied control transforms a complex 



(2.72a) Z = A" = 



A,^exp(A,/) 

2-exp(A;/) 



eigenvalue of the matrix A^'(t) : k^t.) = a.(^.) ± yjS.(^.) into a real eigenvalue 

® fixed t. , this operation changes an initial 

A^^( /^_j) , bringing a new set of the eigenvectors for the eigenvalues A'^ (/.) . 

Ik (^1 -0)1 



A^(Z^-o) = 



\Hh-o)\ 



with the eigenvectors X{t^- o). At the moment this 






matrix acquires the form = 



IKih) 



, which corresponds to the new 



eigenvectors X(tj) . The transformation T(t^ - o,/i), applied to A'^(^ -o) , is 
able to create both A'^(^) and X(fj) . During the time-interval ~ o), the 
transformation T(t^,t 2 ~o), applied to A’^(^), is able to produce 
||®i(^2 — o)| 



A’'(?2-o) = 



k(^2-o) 



with eigenvector X — o) , where the equation for 



ik(^2-o)ii 

«i(^2 - o) = -ai(fi)exp ai(fi)(f2 -o-t^){ 2 - -o- tj) 

follows from (2.72c). 

At the moment the matrix acquires the form 
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^\k) = 



OtjC/j) 

^^2(^2)! 

K(h) 



with the eigenvector X(^2) ^2(^2) =^^^2(^2)- 



During the next time-interval, the transformation — d) generates 

Ic^i (^3 — d) I 






^3(^3-^) 



with X{t^ - o) and the eigenvalues satisfying (2.72c). 



At the moment using T(t^ we get A'^(/3) = 



^2(^3) 

^3(^3) 

k«>) 



with X(t^) 



and the eigenvalues satisfying (2.72a). The DP’s moments are chosen such a way that 
the equalization of each triple real eigenvalues’ occurs at the moment + o) : 

(2.73) a^{t^ + o) = a^{t^ + 0 ) = a^{t^ + o) 

with joining all of them into a single common cx^{t^ + o). The correspondent 
ll«3(^3 +^’)|| 



matrix A^^(^3 + o) = 



k(^3+^) 



has the (n — 2) dimensions comparing with the 



IK(^3 + ^)|| 

n -dimensional matrixes at the previous time-intervals. 

The creation of this matrix and the associated (n - 2) -dimensional eigenvector 
X{t^ + o) requires to apply the transformation + o) . To continue this 

procedure, the analogous transformations should be applied at the subsequent time- 
intervals 7’(^3 + (7,^4 - t?) , - o) ,T(t^ - o,t^) until the 

transformation T + o) joins the second eigenvalues’ triple with the first triple 
into a common triplet that cooperates all previous eigenvalues into a single unit. 

We suppose that the considered sequence of transformations ^(t) , applied to the 
matrix A (t) according to the equations (2.72), is performed by the sequential shifts 
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and rotations of a mobile coordinate system built on the matrix eigenvalues. 

To execute the movement, let us associate the transformation T (t) with the 

matrix of rotation A (t) , whose increment of angle of rotation q). -(p. (t^) is defined 

by the considered local transformation at each DP, and use the vector L =1 lyli 2 3 » 

related to A (t), which describes the appropriate shifts of the origin of the local 

mobile coordinate systems. Assigning the matrix A —> T and the vector L takes 
place automatically along with assigning the space coordinates to each of the 

eigenvector's three dimensional components. The identification of A (t) andL (t) is 
based on the known T (t) [5]. The macrovariables, changing according to (2.72), at 
the moments of the equahzation (2.73) satisfy the equation 

(2.74) ^{t^+0)=^{%+0) = -^(^3 + O). 

Zi Z 2 

The condition of an indistinguishability of the corresponding macrovariables: 

( 2 . 75 ) 2 i (^3 + 0 + d) = £ 2(^3 + o + d) = z^(t^ + o + d) 

requires to apply an additional to T(t^,t^ + o) =T((p^) the transformation 

yv yv 

T(d) = with the increment of the angle ip 5 , determined by the fulfillment 

(2.75) , adding jointly with (2.74) at the 6 -moment [4]. The transformation 

takes place at each DP k = 3 , 5 , 7 ,... The operators T, T are connected with 

the method of choosing A (t) , L (t) , satisfying to the eigenfunctional's invariant 
condition during the optimal spatial movement. 

The local rotations and shifts of the moving coordinate system are defined by the 

considered time-interval's transformations. In a particular, the matrix A (t) space 
paramete q)- is connected with the dynamic parameters {t ^ , ) by the formula 

(2.76) A (r,. ,c^y^A (0)exp(r;C;) at A{(p^yA{t^, c^) , 

where C- is the vector of space speed. Because at the initial moment ^=0, the 
transformation A (0)=E, we can find the elements of matrix C- at the known and 
q)^ using the relations (2.73-2.76) (Please, see Example 3.1).. 

Comments. Choosing the three-dimensional matrix A of rotation 
COS q)^,sin q).,0 

(2.77) A (q).)- -sin (ppCOS^^,0 , for the matrix transformation 7", can employ 

0 , 0 , ±1 

the G.E. Shilov results [5], based on the redefinition of quadratic form, given in : 

n k 

O = ^ j ^ subspace of a lesser dimension k < n. 

= l i = l 
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For the ranged values of the quadratic form : Aj ^ A^^.. . ^ A^ , defined on 

i?” , it is proven that the maximal value Jbl^ of quadratic form , defined on the 
sphere of radius one, is bigger or equals to . The orthogonal and normal 

canonical basis in i?” is determined by the corresponding egenvectors 
whose eigenvalues are connected with the ranged by the 

inequalities 

(2.78) Aj ^ a: ^ 

A3 S S A^_j^3,...,Aj ^ ^ A^. 

In a particular, the method defines the three-dimensional canonical basis of matrix A , 
corresponding to , by the given eigenvalues of matrix T . The matrix A 

eigenvalues should be ranged the same way. Their decreasing values determine the 
sequence of the increasing time-intervals. 

Let us show how to build the orthogonal matrix of rotation 





cos^. + jsin 9 ?p 0,0 




exp 7 >, ,0,0 




a-,0,0 


(2.79) A((p.)= 


0,cosq)^ - ysin^pO 


= 


0,exp-j(p^,0 


= 


0,af,0 




0,0,1 




0,0,1 




0,0,af 



using the known . The condition dei\ci^a^(l^\= 1 is satisfied by the 

fulfillment of the following equations for the corresponding coefficients: 

(2.80) a^ = (/ij) / ~ ^ ~ (/^) ^ • 

The angle of rotation around the direction of the eigenvector, associated with the 
eigenvalue -hi of A(q )^ ), equals q). = arccos(t^^ + 

Themacroequation(2.71) acquires a most simple form in the direction of the main 
normal to the plane of symmetry of the second order's surface 
3 

(2.81) = ^^!/ilj , whose orth-vector coincides with the eigenvector of the 

n 

matrix A. The associated quadratic form: ^ a.jX.X j has a diagonal form 

i7l 

n 

at A=lla,JI=llA, II, i,A:= • 

Let's group each of the matrixes A n -eigenvectors with the corresponding n 
directions of each of the main normals to the n -quadratic forms (2.81), building the 

TN 

n vectors' space coordinates /• for each of the spatial increments of the 

macrocoordinate Zf{lf ) / = 1,... . Then the differential equation for the time- 

space movement splits on the n differential equations of the first order for each 
Zi(l^ ) , independent (up to discrete moment tj^,k = 3 , 5 , 1 ,., 
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1 N 

where C- is a local speed of rotation for each normal in the process of the matrix 



A diagonalization. At the moment + d) of the consolidation of each three 

eigenvectors, the three orth-vectors of the normals form a co mm on three-dimensional 
coordinate system for the joint triple. The rotations and shifts of the local coordinate 
systems constitute a part of the optimal time-space cooperative movement directed 
toward the equalization of the fl macromodel's eigenvalues. 

This process is governed by applying the optimal control, which initiates also the 
movement of the space coordinate systems assigned to the matrix eigenvectors. 

The trajectories of space movement are described by the spiral curves on the cone's 
surfaces [4]. Under the applying control, the matrix eigenvalues, defined on the 
eigenvectors' space coordinate systems, move toward their cooperation in a joint 



coordinate system while both matrixes A , A are diagonalized. Therefore the 
movement toward coinciding the eigenvectors' space coordinate systems is also a part 
of macromodel's cooperative process. By the end of the this process, the sequential 
equalization of the matrix eigenvalues completes at the discrete moment . At 



each vicinity, each three coinciding eigenvectors acquire a unique co mm on three- 
dimensional coordinate system, whose dimension changes to one at + d) for a 

joint common eigenvector. This procedure sequentially involves each subsequent 
triple's eigenvalues including such one that had been cooperated before. By the end of 
optimal time-space optimal movement, the matrix A gets the diagonahzed and the 
equal eigenvalues. The considered transformations are summarized in the relation 

(2.83) AA =A,At/”t/' = a(/). 



where A=IIAJI, / = n are the matrix of eigenvalues is the 

transformation correspondent to the applied optimal control V = v(^.) , which also 
transforms the complex eigenvalues A. into the real eigenvalues a. (?.), is the 
impulse 6 + (9) -control, which joins the equal real eigenvalues II aJI and changes 

the both dynamic and space model's dimensions at the moment + (7 + 5 ) . After 
the applied {n -l)-th transformation, by the end of + <7 + 6 ) interval, the matrix 



A acquires a single real a eigenvector with the assigned space vector / . 

If each of the initial eigenvectors, before joining in the consolidation process, has a 
three-dimensional space, defined in each local moving coordinate systems, then the 

final space dimension of the eigenvector a( /) will also equals three at {t^_^ . 

During the process of the each triple's sequential diagonalization (before joining by 
the 6 -control), the first triplet could have an intermediate space dimension equals 9, 
6 and for each following triplet the intermediate dimensions could be 12, 9, 6. 

If the local eigenvectors have a single initial dimension of spatial coordinates, then 
at joining each triplet, the intermediate spatial dimension equals three before the 
consohdation of it's each three equal eigenvectors. 




Mathematical Foundations 



173 



The final eigenvector will also have the three dimensional space coordinates before 
its complete consolidation in a single dimension. 

Physical meaning of the considered 6{t. + d) =v{t.) — v{o) -control's action is as 
following: 

•At the moment {t. ) of the equalization of the pair (/, k) eigenvalues, related to the 

frequencies \(D^{t^) = when a local equilibrium takes place and the pair 

correlation arises, the control v{t. ) distracts the correlation, changes the sign of the 

eigenvalues that leads to a local instability and initiates the attraction of the pair's 
trajectories in the process of couple's resonance and chaotic bifurcations [6], which 
generate the diffusion and entropy. 

•At the moment (t^ + o)of the collectivization of the resonance's macrotrajectories. 



the control — v{o) is applied, which finally binds the frequencies (that belong to 
different macrotrajectory's dimensions), stabilizing the cooperative bifurcations at the 
negative sign of the joint eigenvalue. The triplet is formed by a sequential 
consolidation of two eigenvalues at each (tj^ + o) . 



The sequence of the above dissipative resonances leads to a finale resonance, which 
joins all initial eigenvalues into a common one dimensional dynamic and space 
optimal movements. 

These actions model the superimposition of macroprocesses while revealing created 
phenomena and singularities at the discrete moments(DPs). The bifurcation's 
singularities at the DPs locality reflect the instabilities at the matrix renovation. 

The process is associated with an essential irreversibility, breaking the determinism 
(within interval (t._^ + 0,t^)) and the time's symmetry. 



Example 2.1. Let's illustrate the above procedure considering the time-space 



dynamics of the two-dimensional matrix 






1 ^ 2 1 ? ^22 



for the controlled system 



(2.72) . Using the matrix eigenvalues Aj, A^, the matrix eigenvectors 
^ 1 ^ aredeterminedby the equations for their components: 

(2.84) (a^i - X\)xl+ a^^l = 0 , a^^l + (a22 - A2)3c2^ = 0 . 

At the fixed xl = x\==\ we get the solutions x\ = 

*^2 (^22 ~ ^ 2 ) 

Regarding the basis Oe^e^ the eigenvectors obtain a view: 

(2.84a) X-^ = “^ 2(^1 ~ ^ 1 ) ^i"*"^ 2 ’ (^22 ~ ^ 2 ^ ^2 

and acquire the lengths: 

(2.84b)lj;i = {l + [a,2Ki-^I)''f^^^^ l^;i={l + [a2i(a22-A;)-Yy^^ . 

To find the orths (^^,^ 2 ) for the coordinate system, built on the first X^ and the 
second X^ eigenvectors, we normahze them and get the orths 

e'i=(«22 - ^2){«2^ + [(«22- Kffy^'^e^+ {-\)a^^sign{a^^ - k\) + 
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(2.85)4=(-l)ai2^*5«(«ii - K) {^2 + [(^1 - ^1+ (ail - A;> X 

^{<h2+\ichr-Kffy"'"e,. 



T T 

^ W ^ 12 

The sought matrix' T elements T = 



, which perform the transformation 



T T 

^ IV^ 12 

T T 
^ 21 22 



and satisfy to the equations ^if^i+^ 1 / 2 ’ 



^ 2 -^2 A “*■ ^22^2’ are determined by the above normalized relations for the orths 
^12 = ^1 2 » tiirccdy from (2.84a) the relations follow: 

(2.86) (ail - = 0 , («22 - - ^ 2 (^ 2 ) = 0 ■ 

(^12 + («ii - Kfx^y = «i\.((«ii -Kf+ f “ («ii - Kf’ 
(al, + (a,, - klfxjy = (a,, - klf, ((a,, - k\f + a^Xxlf = a^„ 
X = ^<h2X<hx- Kf ^ ^2 = -+(«ii-'^i) +a\yy^'^ 

xl = ±(a^2 - AjX(«22 - Kf + . ^2^ = - + «12((^2 - -^ 2 )^ + 

—1 —1 —1 —2 ""2 2 

Let's order the vectors .:r (.x:j,.X 2 ) ,.T ,.:r 2 ) such a way that they will be 

oriented and coordinated with the initial basis orths and choose the 

orthogonal matrix T =E at = 

To satisfy these requirements, we will choose the vector's pairs with the alternating 




signs — and — H. At 2" = A , we get two possible transformations: 

roon\T^{{ 2 x-l/2 ” ■‘■(^1 -^l)’” "^^12 _||^ 1 P ^12 

(2.87a) r - ((Ojj Aj) + CI 12 ) - L rp - 

±^2? ^(^i“^i) II 21’ 22I 

t os(p,sin(p 
-sirup, cos 99 

(2,87b)r - ((a.. - a;>= .. a,\)-'= ■ ■ ^’’7 r1= 

—^ 2 ’ ■!■ (^22 ^2) II 

T[ cos qf , sin qJ || 

~ r2i,7;2|| -sin(p\cos(p’|| 



At the moment of equalization A^ = A 2 , T =T , the angle q) = q)^ is found from 
the relations 
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cos(p = - +(aji-A;)((aii-A;)^ 

siiKp = - + ai2((Oii - Kf + (hzT^'^ » 

(2.87) (p = arctg{ ±1,0. 

(aji-Ai) 

If Til > 0, then (p S{-7t I 2,Jt / 2) , A = 0 . If T^^ = 0 and > 0 , then 
(p = ±Jt / 2 ; if j = 0 and < 0 , then (p = -Jl I 2 . 

At Tj j < 0 and > 0 , we obtain q) = arctg ( ) - Jt . 

(Oii-Ai) 



At Tjj < 0 and Tji < 0 , we get (p = arctg{- 

(«ii -Ai) 



■) + 7C. 



For the given initial matrix A(0) = 



2,3 
3,10 ’ 



by applying of the optimal control, we 



get the following relations for the matrix A’^(Tj) elements at the first DP's moment 

f 1 = Tj : 

2exp(12Tj) - 2.2exp(llTi) - 18exp(Tj) 
exp(12Tj) - 2exp(l IT j) - 2exp(Tj ) + 4 ’ 

10exp(12Tj ) - 19.8exp(l ITj) - 0.2 exp( Tj ) 



(2.88) aii(Ti) = ' 

«22('^l) = = 



^12(^1) ~ ^21(^1) “ 



exp(12Tj) -2exp(llTj)- 2exp(Ti) + 4 

3(exp(12Tj) - 2.2exp(llTj) + 0.2exp(Tj)) 



exp( 12 Tj) - 2 exp(l ITj ) - 2 exp( Tj) + 4 



where the moment f=Tj is found from the equation (2.74). For this example, we get 
Tj s 0.7884 , whose substitution into the relations for the matrix elements leads to 



= a2j(Tj)=0, a^^{r^)=a^j^x^). 

Therefore, the simultaneous diagonalization A^(T^)and the equalization of the 
matrix elements take place at the DP by applying optimal control. The maximal 
angle of rotation (p = (p{x — o) on a plane is determined by the above relations: 



sin (p(r^-o) 



OiiSigna^^ 

/ 2 / x2xl/2 

(^12 + (^11” ^22) ) 



f=Ti -O » 



which for our example gives 



q){\ -o) « -3.45. 

The transformation: 



COS sin jp 

-sin^,cos^ 



which reduces (2.74) toward the 



undistinguished states (2.75), for this example, is determined by the angle 
Jp = 0 . 147 Jt . The resulting angle of the rotation is q) + ^p ^-3, and the 
corresponding transformation 
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_ ^ |cos(® + ^),sin(o? + ^) p.998, 0.0471 

(2.S9)T =T(w)T(lj))= 'T T -r T ^ 

V ; KTJ -sin((p+ ^),cos(<p + V^) -0.0471,0.998 

The initial orth's coordinates = (1, 0),e2 = (0,1) are transformed into 

e^{e\,el),e 2 {e^ ,el) according to the relations = Te^,e^ = Te^ , from which 
follows 



ej =(0.998,-0.0471), = (0.0471,0.998). 

1° 

”o *”1 “o “o 

The initial vector = gets the increment AL ={T -E)L , which at 

h 

^ p.451 

/j = 1 , /f = 1 equals to AL^ = . 

^ ^ -0.491 

This space vector can be used to fix and store the undistinguished macrovariables. 
The rotation speed's vector C is determined by the relation (2.6): 

- _ _ 0’^ 

T = exp (CT.), where C = . Using the formula 

-c,o 



exp(cf) = - k\E) + 

Ai - Aj 



A c c 

2 “ 




■^1 = 7 > K =-y.weget 
(2.89')exp(CTj) = 

^ 111 / 2[exp(7CTi) + exp(-7CTi)],l /y2[exp(7CTi) - exp(-7CTi)] 

~ ||-1 / ;2[exp(;cTi) - exp(-;cTi)],l / 2[exp(ycTi) - exp(-7CTi)] 

t os{q)+ ij)),sin{(p + Ip) | |cos(cTj),sin(cTj) 

= 

-sin((p + ^),cos(q9+ ^|))\\ -sin(cTi),cos(cTj) 



We receive CT^ = ^ + ^ , or for the above s 0.7884 , (p + ^ s -3 , we get 
Id s 3. 805 . This example provides a detail methodology for the calculation of the 
matrixes: (x) ,T(x) , A(t) , the rotation speed's vector C , and the shift 's vector 



L . The analogous examples for the three-dimensional matrix are considered in [4]. 

The consolidation can be considered as an additional mechanism for the functional 
minimization that integrates the initial minimax principle to the principle minimum 
of uncertainty, responsible for the informational space and time cooperations. The 
regularities of the process are defined by the movement along the extremals of the 
proper fimctional, and by the macrobehavior directed toward the state consolidation. 



2.5. Starting the real time's macroprocess 

Suppose the process starts with an initial imaginary information flow as a wave, 
characterized by the imaginary quantity of information 5 ^ = jbt considered during an 
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imaginary time course t [4]. The localization at some initial discrete moment t 

=t~ of the model's opening creates a wave packet J^(0.\ /= 1 ,... , described by the 

imaginary entropy production 
dS^ 

(2.90) 

dt 

where i = 1, . . . , W is the number of superposing waves CO . 1 . 

The following procedure includes the movements and the rotations of the one- 
dimensional vector-frequencies up to their joining in the subsequent (W-1) DP's 
moments of the considered Poincare's resonances. Assigning to each of the one- 
dimensional vector-frequency (D. the one-dimensional space-vector /. , after the {n-\) 

moments of the movements and rotations, we get a common there dimensional space 
coordinate system where the final frequencies may interact. Because the triplet is an 
optimal cooperative structure, comparing with the possible consolidations of four, 
five or other macrounits [4], the three-dimensional space, associated with a triplet's 
structure, has also an optimal dimension, with the potential 6,9,11 or 12 dimensions. 

Therefore the final three-dimension space is created by the above transformations of 
the initial imaginary information flow into the interacting frequencies. The real time 
starts at the very first DP's moment of the cooperation, accompanied by the real 
entropy production during the dissipative resonance, and continues to emerge after the 
creation of the three-dimensional space. Before the very first cooperation, the time is 
imaginary. Finally we come to the transformations : 

(2.9ooAr(/„)c/:.,c/:.,=A“(/3), 

where is the wave- vector's AZ -dimensional packet {yl CO J} with the 

imaginary space vectors /. assigned to each of the C/^ ^ and are the 

transformations, associated with the actions of the regular and the impulse controls 
accordingly. The real space coordinates arise as an attribute of the transformation of 
the imaginary information into a real one, in a form of the consolidation of some one- 
dimensional real time's vector variables into an optimal triple's structure. 

These real vector's variables are the components, which generate the entropy 
prcxiuctions in the sequence of the dissipative resonances. The actual specific meaning 
has only the localized entropy productions, while the space coordinates are assigned to 
them as their virtual attributes. The initial imaginary information flow, as a 

probability wave, transmitted with some information speed may carry some 

virtual symbols, characterized by the frequencies j\ coj , which could be transformed 

into the real time-space fabrics according to (2.90'). 

This means, the time-space is a product of transformation of information. 

A possibility of transformation a mind into a matter and vice versa can be modeled 
by the above relations [6]. 

The structural synunetry is a consequence of variation principle and the field 
equations. The consolidation leads to the dynamic asymmetry of the macrostructures. 

The matrix of rotation, applied to the ranged three eigenvectors keeps the function of 
the spatial density of probability being invariant before the execution of 
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consolidations. The jump of the macromodel dimension at its integration changes the 
symmetry order. The asymmetry of integrated structures creates their new 
peculiarities and morphology including the time-space asymmetry. 

The states, that are bound "by three" represent an analogy of the "three critical" 
identical phases at the translations of the second order, with a typical connection of 
kinetics, diffusion, and symmetry of ordering in crystals. 

Selection and memorization of positive eigenvalues violate the spatial-time 
symmetry, creating irreversibility and local non stability. Consolidation by fixing 
the irreversible phase translations counteracts to fluctuations and nonstability, and 
creates the hierarchy of global stable macromodels and macrostructures. 

The applied inner controls are a "product" of the veiriation problem and its 
irreversible Hamiltonian model, determined by the dynamic macrooperator having the 
discrete complex spectrum of eigenvectors and connected with the probabilistic 
ensemble of random trajectories. 

The controllability of the macromodel depends on its evolution that includes the 
mechanisms of the renovated dynamics, geometry, consolidation, collectivization, and 
self-organization. 

The considered macromodel is a hnear approximation of nonlinear movements. 

This model can create bifurcation solutions at odd multiplicity's of the eigenvalues 
of the hnear operator. 

At the random interactions of two macromodels, it is possible that the chaotic 
resonance [7] arises with the discrete time spectrum (when some of the continuous 
time values acquire a probability equals to zero). 

Such and other resonances can be the results of mutual acceptance information by 
these models, and the discrete time will be a consequence of these interactions. 

The discrete structure of the macrooperator (with discrete spectrum of eigenvalues 
and following discrete time) reflects the resonance's, coherency's, and collective 
effects, arising during the interactions at the micro- and macrolevels. Therefore, we 
may consider the discrete time as an attribute of the interacting systems. 

The IMD approach introduces the irreversible macromechanics of uncertain 
systems with the methodology for obtaining both the ordinary and partial 
differential equations from statistics along with the inner optimal control's 
functions. 
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3. THE OPTIMAL SPACE-TIME DISTRIBUTED 

MACROMODEL WITH THE CONSOLIDATED STATES 



3.1. Local invariants and the model's dynamics 



The optimal consolidated distributed macromodel's (OPMC) space movement is 
directed toward the consolidation of the macromodel's geometrical coordinates, as an 
additional mechanism accompanied the dynamic macrostate cooperation. 

The OPMC integrates the analytical synthesis and prognosis with the joint 
macrodynamic and space movement, the state's consolidation, the strategy of the 
control's application, and the geometrical macromodel structure forming. 

Theorem 3.1. The OPMC peculiarities are characterized by the following system of 
the local invariants, defined by the complex spectrum of the macromodel operator's 



a! =1 \?J.\\ with eigenvalues 

A'=a;+jA'. A'=«;+ji3; . a' =IIA;H, A'(0 = A;„, 



-the indicators of the time (t^) and space ( /■ ) discrete intervals (DP) preserving the 
invariants 



(3.1) 2sin(yaJ+ ycos(yaJ - yexp(a„) = 0, )= Const , 

a_(y = 0) = -0.768 

(3.1') = a(y) = Const, a(y = 0) =0.232, 

if Im X\{t^ ) = Im A^.(/; ) = 0 , then 

(3.2) = -a'(f;)exp(a'(l,.)((;^j -f;))(2-exp(a‘((;)(l;^i -g))'^ 
or: if Re A' (f, ) = Re A^.(/j ) = 0 , then 



(3.3) \p‘i{tg)t^\= bo(y) = Const, = b(y ) = Const 

(3.4) 2cos( ybo) - Y sin(ybo) - exp(bo) = 0 

-the conditions of coordination and connection of the invariants (at forming the 
consolidating eigenvalues) according to the relations: 

Rt Ri 

(3.5) Y = y‘ 't=i=y' = Const, y ^(0-3) ; 

a. 

(3.6) a = a„exp(-aj(l - y ^)^'^(4 -4exp(-a Jcos(yaJ + exp(-2aj)"^'\ 
-the conditions for forming of the ranged initial eigenvalues spectrum's ratios: 

(37) y,,„ —=—i—=y^„^^y^^=Const{l,m) m = 0,l,...,n-l 



a 






-the coimection of dynantic and space movements by the equations: 



a, 



(3.8) /. = c/. , c. = —j=c{n,y) ^Const . 
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Proof. The relations (3.1) follow directly from the equahties 

(3.9) k%) = A;.(0 , A;.(fJ=A;., +/3; , X\(Q=X\=a‘^ - P‘,, 

i,j = 

(3.10) A'(0 = A' (fJexp((A;.(fJfJ(2 -exp((A;.(fJO)-\ y,, = ^ = .^. 

If the coordinates of state vector ( JT ^ }) are the phase coordinates, they satisfy the 

following conditions 

(3.11) 4 =x..,^, x^, = xft,), 1 

^x^ dXj 

and then the relation — ~{f) = ) acquires the form 



X,dt 



Xjdt 



(3.12) (%g)" = + -X, (4-^(1,), 
ot ot 

from which equations (3. r-3.3) follow at the imaginary eigenvalues, and at the real 
eigenvalues accordingly. Indeed. The relation (3. 1 1) at the conditions 

(3.13a) x^ = xfO)exp(J'A‘fit) , 

K(0 = -^;(^o)exp((A' (fjf,.)(2 - exp((A'/fJf;))'‘ 
leads to the equation 
d)J 

(3.13b) -^exp(2jA;rfOU„=0- 

which at the fidfillment of the inequality exp(2 acquires a view 

dk\ 

(3.14) ^1,.,, ^. 

The last equality corresponds to the following system 

h = [(a'gCOsbo ~p‘, sinbo)(2 - expa„ cosbo) - 

- expsi,(P‘, cos bo + a'^sin ho)] , 

hgi - ,?,?2 = 0 > ^^2 - .?,?i = 0 - = 2(y cosbo + sinbo) - y expa^ , 

^1 =[«iU2- expa^cosbo) -^‘„expa„sinbo], 

= [4expa„ sin !>, + p‘,(2 - expa, cosbo)], 
which at a‘, ^ 0 (3.14 a), 0 (3.14b),bo?: 0 + -2jlk,k = 1,2,.. (3.14c) 

leads to the equahty hn k\{t . ) =0, or to Re (t.) =0. 

The condition is a trivial relation, and (3. 14c) corresponds to (3. 14b). 

dXi . dx. r 

Applying the relations (3. 1-3.3) to the equations = A. X^ ; A. X^ , 

dt dl 

we receive (3.5) and (3.6). From the equation (3. 1) we also get the equality 
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sin ya 

(3.15) expa^Cy ^ 0) = lim 2[ 2 . + cosyaj = 2(a„(y ^ 0) + 1) , 

y-0 Y 

n^=-0.16S,a‘{tJ<0, 

whose solution leads to the right part of (3.6). The corresponding invariant 
a( y ^0) is found based on connection of the invariants (3.8). 

The equations (3.4, 3.10) are a result of the joint solution of equations (3.1, 3.3), 
and condition (3.6). The connection of the invariants (3.8) is a consequence of the 
equations (3.5, 3.6), (3.3) and (3.2), (3. 5,3.6) accordingly. 

Because each of the invariants (3. 5,3. 6) depends on the fixed value of the invariant 

Y , which defines , we arrive at (3.7). • 

Theorem 2.F or OPMC with complex ranged eigenvalues! ^ }at I ^ l>l o the 

joint execution of (3. 1,3.3), as a condition of cooperating of the nearest (i,i + 1) 
eigenvalues, leads to the minimal sum of the discrete intervals ( t . , ) for each of the 

(/, i + 1) eigenvalues' couples. 

Indeed. For each of the OPMC couples with the complex { A^. ^ }, the relations (3.1- 

3.3) must be executed at the discrete points. For such equations, the sum of the 
discrete intervals is a minimal (at other equal conditions) if the discrete moment 

(found from (3.3)) for the one couple (for which I ^ l>l ^ I) coincides with the 

discrete moment (found from (3. 1)) for the second couple; then the additional discrete 
interval is not required. This result follows from the joint solutions (3. 1 ,.3 .3) for the 

ranged eigenvalues spectrum at the condition I a[ ^ l>l ^ I . 

The requirement of coinciding (at t . ) the eigenvalue = a[( y, aj ^) 

& 

(Fig. 2.1) with «‘+i(^i) = «l+i(y o) . y'= the condition 

Y^(y) ” , leads to y =y' . 

The last one determines the preservation of the invariants (3.4,3. 5,3. 6) for the 
macromodel with the fixed eigenvalues spectrum. In particular, at y =0.8, from joint 

solution (3. 1,3.3), we get =6. • 

Corollary 1. The transformation of the initial complex eigenvalues into the 
corresponding real eigenvalues at each discrete moment satisfies the primary 
principle of minimum uncertainty. The macromodel's uncertainty parameter : 
h = bo( y ) / a^( y ) acquires a minimal value equals to zero at y = 0 . 

This is fulfilled if the imaginary part of the complex eigenvalue turns to zero. ® 
Theorem 3 . For cooperating each of three OPMC sequential eigenvalues' couples 

with the complex eigenvalues! A^. ^ } at I l>l ^ l>l ^ I and the fulfillment 
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of (3.10,3.12), the minimal sum of the discrete intervals achieved on 

the joint solutions of the equations (3.10,3.8, 3.6,3.5,3.3,3.1). 

Indeed. In this case, the moment (/^j +2 ) disappearance of the imaginary part of 



^i +2 (^ 1 + 2 ) (according to (3.1)) coincides with the discretization moments found from 

the solution (3.3) of the i - and (/ + 1 )-couple equations when the real eigenvalues are 
equalized. The total consolidation time of the considered triple does not exceed the 
interval of defined by (3.1) • 

The implementation of this condition by the joint solutions of (3.10,3.8, 3. 6,3. 5, 
3.3, 3.1) defines 

(314) r “i,„=6'(3.89)^(2.21)'”"‘-\ m = («/2 + 1) =0, 1,2,3, 

for y =0.5, where k is the number of the switching pair-wise controls, m is the 
number of the consolidations by three, with the admissible values of 
Y ^ (0 “ 0. 8) . At Y (0.9-3.5) the deviations of all coordinates are increasing 
without limitations, indicating that the OPMC is losing stability. The values of 
y .^1 at >3 are found from the joint solution of the mentioned system equations. 
The equation (3. 14) at m >3 does not have solutions. 

Because the OPMC also represents an optimal filter, the initial eigenvalues that are 
different from ^ ^ =2,3,...,n , are a subject of filtering. 

The control action for forming such a filter, consists of transferring the model 
coordinates on the switching line a = Const for the synthesis of the dissipative 
processes, or on the line b(y)= Const for the synthesis of the oscillatory 
processes. The implementation of (3.1,3.3,3.10) leads to creating the successively 
integrated dissipative macrostructures that accompany increasing t^ and decreasing the 
consolidated real eigenvalue satisfying the equality 



(3.15) = 



^i+1 ^i-1 ^ 






The condition of positivity (3. 15) is satisfied by switching the needle controls at the 
infinite nearest moments of time ( ^^ , ty^ + 6,6 o{t^)) \ 



(3.16) 6v(r,)= v(r, + 6)-v(?J, 



changing the sign of the differential equation's matrix A! = A{t^ H — o ) : 

A{tj^ +o) = -{2E - exp(A(r^ - o)6))~^A{tj^ - o) exp(A(4 - o)6)\ 

A{t^ + o) = - A{t^ -o),6-^0. 

The sequence of the applied controls, which cooperate the eigenvalues, we call the 
optimal OPMC strategy if it satisfies the maximum principle of Theorem 1.3.1 in 
the form 



(3.17) max H{t^)=rmn Sp A'(/,). 

According to (3.10, 3.3, 3.14), this condition corresponds to the equality 

min !«'(/;) I=a°, I =3,5,... 
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Figure 2.1. The equalization of the OPMC real eigenvalues. 




asymmetry . 



Figure 2.2. The trajectories of the spiral-shaped curve p = &sin((psin)3) on a conic 
surface at the points D, Dl, D2, D3, D4 with the spatial discretization intervals 
DDl=jU , which correspond to the angle q) = Jlk I 2 , k=l,2,3,.. of the projection of 
the radius vector p(q?,P) on the base of the cone (O, 01, 02, 03, 04) with a vertex 
angle p . 



184 



Variation Principle 



The optimal strategy that is chosen from the set of possible strategies, capable of 
transferring the process on the switching line a = Const , is a such one, at which 
the minimal \(x\{t.)\ will be achieved at each discrete moment. 

Corollary 2. T he optimal control strategy satisfies to the simultaneous switching of 
each control's triple at the points {t^^^ ) for the OPMC ranged eigenvalues spectrum, 

obtained from the joint solution (3.10, 3.8, 3.6, 3.5, 3.3, 3. 1). 

The optimal strategy accomplishes the consolidation of the eigenvalues by three 
with the total number of discrete points m =n /2+1, that is less (according to 
n -l-(n 12^1)= n 12-2) than the number of the discretes for the eigenvalues, which are 
not consohdating by three. 

The procedure consists of joining the two eigenvalues at first, and then adding a third 
eigenvalue. Optimal triplet structure includes the doublet as a primary element. For 
the ranged spectrum, defined from the joint solution (3.1, 3.3, 3.15), the minimal 
sum of the discrete interval is a unique and a single. This strategy is executed for the 
spectrum of the initial eigenvalues, defined by the multiplicators (3.14) with the 

maximal =(2.21)(3. 89)”^^ , which characterizes the optimal-minimal filter. 



The values { a.^ }, which are different from the optimal set: 

(3.18) «^„=(0.2567)^(0.4514)‘-'a;, 

j 

do not affect the OPMC peculiarities and are filtering in the practical implementation 

[ 1 ]. • 

Corollary 3. T he minimal condition (3.17), expressed by the dispersion of the 
synthesized process: 

( 2 . 042 )"'^( 3 . 896 )<"-^)'^ a„ ^ 

i\ y i\ I j y —0.5, 



(3.19)D" = 



0. 758* 2.215 



a 



lo 



defines the initial OPMC dimension n , which is found from the following equation 
for the eigenvalues: 

(3.19-) [(^)(^)(^ - 



a 



3o 



a. 



lo 



a 



t 

3o 



a 



Ao 



and the relation (3.14) written for given y . And a vice versa, to find a\^ via n is 
also a true. • 



The OPMC dimension n can be expressed via a starting consolidating moment t^ 
of the triplet's time sequence according to the formula 



(3.20) (In t^ - 2.949876)w + 0. 618485 = 0 , y =0.5. 

Changing t^, even with the constant invariants a^(y) and the ratios of 



Yi ^ Y 3 -I 3 / ^i(y )» leads to anew OPMC dimension. The spectrum of 

the initial eigenvalues, the consolidation procedure, and the optimal strategy are found 
for the OPMC with a given (AZ , y ). By the joint solution of the equations (3.19, 
3.20,3. 10,3.9,3.7-3. 1), the following parameters 



are obtained successively . 
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Corollary 4. I n the OPMC, the macroprocesses Ziit),Zi^{t) are ranged in such a 
way that the following relation is executed: 

d^Zi . .^dz. . ,^i dZu 






Theorem 4. If the phase coordinates {Z^ } at the initial moment are connected by 

the relations (3.22) Z,_i(f„) =A'(f„) , 

then at the moment t. this equation holds true 

(3.23) Z,_ia)=-2^.((,) 

with the relative accuracy, depending on y : 

^7 3. 

(3.24) -^(f,_j)= e(y)=exp[laJ(y“„-l)]-2(l-l-2-l). = 

’ a 

a(y), a„(y), y"„(y), 

and the accuracy e. at y =0.5 does not exceed 

(3.25) £,.=0.0095-0.112. 

Indeed. At the execution of the relations 



(3.26) 






> = ^i-i (^i-i)(2 - exp A';-i(f; - 1 ,_, )) , 



A' „ . 

■ZT^=Yi,-x=inv, 

^i-1 

the initial requirement regarding the condition (3.23) can be fulfilled with the accuracy 
6 jc f 

(3.27) £.=-^ ((,..,) , dx,(t,) = 2x,(t,) - x,_i((,) = 2 A', x,(g - 2x,.i(f,_i) + 

X. 

+ Jf,_,(^,-i)exp(-A;_i(gf;_j)exp(A'_i(f, .)/;), a(y) =a'_/,_i=i«v . 

The last equation, after substituting (3.24, 3.25) is reduced to the form (3.22), and it 
defines the limited accuracy's values (3.23) at y =0.5 . • 

Comment. 3.1 With growing y the error of performing the cooperation by the 
above controls (coping the macrostates) enlarges: at y — > 1, I— |— > 1, y — > 1 , 



and leads to e 1. This increases the uncertainty of the cooperation, diminishes 
binding the connections, and finally at y =2.2 leads to the macromodel's decay. For 

connecting the first two eigenvalues, we have y^^ =2.21 (at y =0.5) and 

^0.078. By adjoining the third ranged eigenvalue we get y^^ =1.75 (at 

y = 0.5), and £2 ^0.07. The errors are the same for connecting each following 
eigenvalue of the ranged string. If the relative difference between their initial 
eigenvalues y is growing, the error is enlarging essentially . 
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Theorem 5. T he equality (3.21) is fulfilled with a zero error, if the initial conditions 
are bound by the relations 

(3.28) i,. ,k^=^i2- exp( y “aj) = inv, 

2a 

or the discrete moments are defined from the condition 

(3.29) . 

The result is proved by a direct substitution of (3.25) into (3.23), (3.5). • 

Corollary 5. For the OPMC with , y =0.5, the admissible 

A ^ 

relative time's accuracy of the fulfillment (3.28) is equal to A^. ^ = . 

With this accuracy (or 3.23), the self-forming of the optimal controls is possible : 

(3.30) M(f,.) = , 

at the discretization moments of the process if the fixed values of the 

initial conditions Zi(t^) perform the function of the apphed starting control v(/^) . • 

3.2. The OPMC geometrical structure 

The OPMC geometrical structure is a result of the considered space transformations 
of the macrodynamic variables that satisfy the invariant condition for the entropy 
fimctional in the controlled process of the space-time movement directed toward 
cooperation, which accompanies the evolution of the consolidated macrostructures. 
Theorem 6. The trajectory of each of the n three-dimensional OPMC movements 
represents the parametrical equation of a helix curve on the cone (Fig. 2.2), with a 

radius-vector r (p ,(f ), whose projection on the cone base equals: 

(3.31) p^^b^sini<p,sinip°). 

The transfer from the one cone trajectory to another cone trajectory is executed at the 
points that satisfy the extreme condition of the equation (3.31) at 

(3.32) (p.(/Jsin^.''=;r /2. 

Proof The trajectory of each of the AZ -three-dimensional movements, with a 

nonorthogonal, in general, the matrix of rotation A (at the fixed angle with respect to 
one of the coordinate axis) has a simple representation in the cylindrical space 
coordinate system 

(3.32a)l(r Z = rcos tk" , =r^ +p^,z= p(tgilJ°y\ 

dl^ =dp' +p^d(p^+dz\ 

where q) is the angle's increment of the radius vector p ; is the fixed angle's 
increment with respect to the axis Z . 

At the zero increment d =0, the equahty follows: 

(3.32b) dl = [(— )^sin'^ 'ip'' + p^^'^dq). 
dq) 




Mathematical Foundations 



187 



The condition (2.2.6) (as a consequence of the VP execution for / = — = C) is 

dt 

imposed on that equahty. From hence, the differential equation follows: 

"72 , dp • -1 n 2 T dl 

(3.32c) =( ) Sin Jp +p ,d= =Const. 

dcp dq) 

The solution of this equation in the form (3.31) represents the parametrical equation 
of the spiral curve on the conic surface S : 

where Ij are the coordinates of the radius vector r of the fixed nonsingular point; Vj 

are the current point's coordinates on the cone with the angle at the vertex with 

the d , as the curve parameter, and with the projection p of the radius vector r on 

the cone base. For the constant d , the relation follows 

d^P . -2 o dp 

(3.33a) sm tp + p=0. 



dcp 



dcp 



9^0; 



d^p . -1 o 2 dp 

(3.33b) — ^Sin ^ +p 7^0, —^=0. 

dcp dcp 

The relation (3.33a) satisfies (3.31) automatically. The relation (3.33b) satisfies 
(3.32) that implements the extremal condition for p=p{(p) at the existence of a 
singular point, whose location corresponds to the transformation from one cone's 

trajectory (3.31) to the analogous trajectory of another cone. Transformation A 
carries up the n spiral curves on the corresponding cones (Figs. 2. 1^2 ). • 

Theorem 7. A t the discretization moments, the parameters of the spiral curves (3.31, 
3.32) are equal, and they satisfy the equations 

(3.34) q)^{t^) = kjt , \p^ =arcsin(2A:)”\ A: =1,2,... 



Indeed. From the conditions of the orthogonality for the vectors /.(^J , 
that are written via the directional cosines of the normal on the cone: 



dU dp. o . • o. 

(3.35) aj — — — =cos jp, cos{q)^sm ip. ); (p^=(p(r^), 

df^i d%tgip, 

—i dV 

al = — ^=sin ip ° cos q)^cos{q)^ sin ip°) -sin(p^sin{q)^sm ip°), 

dfx, 

= ^^=sin Ip ° sin q)^cos{q)^ sin ip°)+cosq).sin{q),sin ip°) 

the equation connecting the above vectors follows 

( 3 . 36 ) /'( t .) /'( t ^^ i )=0 , ala^ + a2a2+a^a^=0. 



where 
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(3.37) cTj =cos ^.''cos(^(T.)sin ip.''), 

a^=sin ^/cos(p.(Tjcos(^.(T.)sin - sirup. (T.)sin((p.(T.)sin ipl") 
Og^sin ^/sin(p.(T.)cos(^.(T.)sin ^/)+cos^.(T.)sin((p.(Tjsin . 
Considering the equations (3.36-3.37) at the initial angle (piT^) =q)(0)= 0, 
and with the substitution of (3.35, 3.37) into (3.36), we obtain 

(3.38) cos^ ^^''cos(^^sin ^^'')+sin^ ^/cos(^^sin ^/)- 

- sin^/sin(^Jcos((p.sin 'ip^'')=0. 

The solution of the last equation at (f -Cp. sin \p^-+-7t I 2 leads to 

(3.39) sin^.=0. 

The joint solution (3.38, 3.39) defines the minimal real roots: 

(p. -+-6jt , tpl" =-h-0.08343. 

In a general case, we get the relations 
cp.^kjt, sin ^/=(2A:)"\ A: =1,2,... and at A:=l: cp^^jt ,ip^ 

The obtained relations hold true for each cone, and because of that, all cones have the 
same angle at the vertex ip^ ='ip^ and the extremal value of the radius vector 

Pi=Pi(Pi) (h Pi) that angle. The parameters of the spiral b.-b (/i . )=p.(q). )~^ 

for each cone are equal: p^=p^{p^) =b^sin(q)^sin 'ip^)=b..^ 

Let us consider the directional cosines of the normal on the cones that are defined at 
the different discrete moments in the coordinate system constrained with particular 
cone. In the cone vertex, defined at the discrete points, we obtain 

(3.40) /^(t.)=]U.+o; i-n, n- 

q)(0)=0,al = a 1 = costp'' = a2 =sinip'',a^ = a^=0; 
in the cone base, defined at the discrete points: I^(Tj^) =p^+o, k =n - 1 , ... ,7,5,3 , 1 , 
we have 

( 3 . 41 ) a/ =0,ai^=0, «3^=1. 

At the intermediate points, we get the relations 

(3.42) A/^ = (l(t) - P(Tp)(a/// + a2''//^ j=(i,k). • 

Theorem 8. At the moments of the matrix A! eigenvectors’ consolidation, when the 
equation holds true 

(3.43) A'i((J=A';(4)=A'm((j +o((J), A =1,3. 5; i,;,m = 1,2,.. , 

the vectors V (^) ,V (t^ ,l"^(t^ , which coincide by their direction with the 

corresponding eigenvectors of the matrix A , have the equal directions. 

That result follows from the definition of vectors V and the equality of the 
eigenvalues. • 

Using (3.40,3.42) we write the result of the Theorem 8 in the form 
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(3.44) 



M%) M^{t,) M”'{t, +o{t,)) 



, i,j,m=‘\,2,...,n-,k-\,3>,5. 



\M\tJ \M\tJ IA/”(4+o(r,))l 

The condition of the equality of the directions for the vectors V {t^) V {t^ acquires 
also the form 

.. V-\t,_,) + M\t,) , 

(3.45) —= I -I +Fw, , i, j=l,...,n ; 

it =1,3, 5,. 

Considering at the discrete moments f ^ , the equal modules in the form 
(3.45') \r(t,)\=\P{t,)\=\I {t,)\, - /,(f,_i), 

we obtain after differentiating (3.45) at ^ , the relations 

dmt,) j dAi'w dAi,ut,) 

(3.46) — = — , C Z = : = : =C Z 



dt 



dt 



dt 



dt 



dM\L) dM\L) 

Taking into account the condition ^ , the equalities (3.46) for 

dt dt 

the vectors Al"‘ (t^^ + o{tjJ) and A/‘(fj), or A/^(fj) are not fulfilled, in general. 

The equality for the derivations (3.46) along the -axis characterizes the equal 
speeds in a chosen direction of the growing macrostructure, which is defined by the 



final discrete interval, where ( 



dt 



Of') is the projection of the linear vector 



_ ^ (^cx^ - ^ 

speed, and A/ is the projection of the angle speed for the vector A/ ^ . 

dt 

The relations (3.44-3.46) hold true on the discrete intervals, that correspond to the 
movement along the hyperbola a= inv . 

Let us consider the increment of the angle f] for vector V = / ^ (?]) for the sector of 

the entrance on the hyperbola, i.e., for <t.. Because / ^ (?]) coincides by the 

direction with the corresponding eigenvector z\t)=zj{t ) + jz^{t ) of the matrix 

A{t)-Wa\{t) + , this task can be resolved using the condition of the 

zero-equality for the imaginary component of the eigenvector at the moment of 
entrance on the hyperbola. We get the solution of the equation 

(3.4T) Zp\t^) X 

X (2- exp(a;(fo) f,)cos(j3/(g f.))=z„'(fo) exp( «.'(/„) gsin(/3/(g /.), 

(3 47) u - ^^P(«'(^oH)sin(A'(^oK) 

' zjitj 2-exp(a'(fo)f,.)cos(^/(fo)f.)’ 

For the optimal model, this relation represents the invariant: 
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(3.47")c°- 

2-exp(aJcos(yaJ 

that depends on a^(y). At y =0.5, a ^=-0.706, we get =7.0866, which 

determines the angle ?] =1.430611(« 82^). The condition of the zero-equality for the 
real component of the eigenvector defines the angle rj at the moment t =t- - of 
reaching the process' starting point: 



(3.47a) tgr] 



^ 2-exp(«;(?oH-)cos(j3/(?o)?,-) 
z' (/o) exp(a'(roH -) sin(p‘{ta)t, -) 

2 - exp( bo) cos( ybo) 

exp(bo)sin(ybo) 




which is defined by the invariant bo ( Y)=ccl(tQ)t^ - . At y =0.5, bo=- 0.517, we 

obtain =523.1 that defines rj ^ Jt I 2. 

Let's assume that the optimal motion along a normal takes place on the surfaces of 
the corresponding cones with the spiral equation (3.31) at the discrete moments, 
which is defined by the invariants bo , a ^ , and a . Then the increment of the 
angle 7 ] of the spiral rotation is determined from the condition 

(3.48) al(to) «i‘ (/,.)+ «2((o) a'^{t,) + al{t^) i=l,...,n , 

and holds the form 



(3.49) 



At y =0.5, a^ =0.706 that angle equals q)^ « ISrad . The relation (3.48) (with 
cos rj on the right side) defines the space angle of a spiral rotation ' to reach the 
cone vertex at the moment t -t. - . Aty =0.5,bo=- 0.517 i/ « JT / 2, that angle 



takes the value ' « 18. 9rad . 



The condition (3.46) for the vector + ^) on the k -cone with respect to the 



vector {t^ + d) , defined on this cone at the jU discrete interval, taken on the 
switching hne, acquires a view: 



(3.50) 



+ o{t)) 
dt 



dt 



^=1,3,5; m=l,2,.. 



The fulfillment of (3.44-3.49) leads to the coordination of the mutual positions of 



the considered cones in space and the determination of the alternating vectors l\t). 



(i-n ,n - in the immobile coordinate system )• 

Let us form this coordinate system on the m -cone: 



( 3 . 51 )(/;, 4“,/3 
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af the discrete moment that finalizes the consolidation procedure. As a result of 
execution of (3.44), we arrive at the following equations of the normals in the 
immobile coordinate system; 

(3.52) lx + ^2 ly +^3^4)’ 

A/'=(/-/")(-a"4+ a/Z^ + aj'/^), 

At =(/ -/"^ )[( cos ij) cos jjj°+ a* sin tJj cos simj)°)l^ + 

+(a* cosxlfsin'^°+a(^ sin(/»sint/;°- cos jjj°)ly+(a^ simp - 

- a^cosip)lJ, 

Ai={l- Z^)[(aj^sin^cost/>‘’ +a^ cos'ipcosip° +a^ simp°)l^ + 
+(a 2 cos ^simp°+a^ simp simp° - cosip°)ly + 

+( af cos Ip - sin ^p)l^, 

where (tp , ) are the angles of rotation of the local coordinate systems, for example 

at n =6. 

For the subsequent discretization points At , At , we introduce the indications 
that will simplify the equations' form: 

(3.53) =( cos t/>j + sin 'ip^)simp° - al cos tp ° , 

=( - af cos ipi + al sin t/tj )cos ip°+al simp° , 
aI = al sin tp^ - al cos ip ^ , 

A^ =( sin t/tj + al cos tp^)simp°+ a^ cos tp ° , 

A^ =«j (cos t/>i - sin tpi )cos tp° - alsintp° , 

A^ =al cos t/tj - al sin tpj . 

Generally, for the sequential set of discrete points we obtain the equation 

(3.54) A/ ■'=(/- /■' )[(Ay^ COS tp^ COS tp°+Al sin^j sin t/t°+ A/ sin^")/^ + 

+(AI cos tpi sin ■i/t°+ sintp° - A/ cos tp°)ly+(Al ^os tp^ - 

- Ay^ sin t/^i)/J; 7 = 2 , 1 , 



where (otj , Of2 > ^^3) ^re the directional cosines of the normal in the local coordinate 
system of the i-cone; t' = l,..., 6; 7=2,1. As it follows from (3.53 , 3.54), the 
condition (3.44) can be executed with an accuracy of some angle (tp ,t/tj), 
approximating the rotation of a local coordinate system. We choose the values of the 
angles (tp ,tp^,...,tp j^) derived from the condition (3 .45) : 

dtp. 



3 - 5 . . 

(3.54a) cl \l) = ( ^ 



3-5 



dq) dt 



dw ddd ^ ^ 



dip dt 



■)(ts) = cT\L), 



(3.54b) ll* ^ = Z/ + b^fpiccl cos tp + al sin tp) ; 
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^ =1^ + b^q>{alcos ip - +aj^sin ip)), 
where the signs in the last equation correspond to the different spiral directions on the 
considered cones (the "minus" for the right spiral direction and the "plus" for the left 
spiral direction ). We arrive at the relations 
(3.54c) 

=bj{c / b^)(a^ cosip + a 2 sin'^) + b^q){a^ cosip + a^sinip), 
= Cj =c(a^ cos Ip - +a^ sinip)+ b^q>{ a\ cos ip - +a^ sinip) , 

b=h, 

ctj =cos(/>°cos(^sint/>°); 

=sin (/>‘’cosq!;cos(qysin ip°) - sin q){(psm ip°) , 

= -(c / b) sin ip° sin{(psinip°), 

= -(c / b)[(l + sin ip°)cos{(psin ip°) +2sin ip° sinq) cos((psin ip°)l 

From hence, because these relations hold true (p = 6jt , and ^sin lp° - Jt 1 2 
at the point of the triple consolidation, we obtain 

(3.55) ==0, =0, ==-(c / b) sin ip ° cos ip , =- c / &(1 + sin^ ip °) ; 

= -6jtc [sin Ip ° cos ip ° cos ip + {l + sin^ ip °) sin ip ], 

cI~^=-6jcc[{1+ sin^ ip°)cosip -+ sin ip° cos ip° sin ip], 

or from =C^ we have 

(3.55') (1 - sin ° cos ip° + sin^ ip °) cos ip = 

={1 - + sin ip° cos ip° +sin^ ip°) sin Ip , 

(I - sin ip° cos ip° + sin^ ip°) 

(3-56) tgip = .7; , 

(l+-sini^ cosip +sin ip ) 

at ip° =0.08343, ip =0.703 1 1 ; moreover, for the equal directed spirals at small angle 
lp° , we get Ip =Jll4-lp° . 

For the spirals of the opposite directions, it follows that ip' -Jtl4. 

For the intervals t^ — t^, we come to the analogous procedure for the 

definition of the angles lp^, lp^, which take the same values. 

We get the equahties 

(3.57) Ip -ip^-q)^-...-ip ^=jl 14- ip ° ; ipi'-ip2 =-='>Pk 

At the last interval of the optimal motion, for example, for ((5 - ), (fg - ^7), 

the following equations are executed 

(3.58) //’’ = // + b^ipa^-, //■’ = // + &6<pa®; c/"’ = ca/ + b^q)a^-, 

6-7 6 , -6 

=ca, +b^(pa^, 

whereat (p = 6jl , a^^=0,aj=l, 7=5,6, we get =c^~'^ = c . 
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This corresponds to the resulting macrosystem’s motion along the axis with the 
constant speed C after finalizing the optimal process. Because of that, the extremal 
condition for (3.58) (which is in agreement with the increments of this 

coordinate by other cones), defines its maximal increments. 

By analogy, we determine the conditions of the cones' coordination (formed before 
the entrance on the hyperbola) with the cones that correspond to the movement along 
the hyperbola switching line. The condition (3.44) leads to the equation in the form 

(3.52). From the condition (3.49), we find the angle ^ ° of the relative rotation of the 
above cones. Considering, for example, the cones between the points 
(^6 — ^ 7) » (^0 ~ h) come to the following equations: 

(3.59) c®(0 = + o, c® =0; (p(t^ + o) =0; 

f -o-,(p{t^-o)=6JC„. 

cl{t)= ^(t')b^(a^ {f)cosip° - ay(()sirup°)+ 

+ b^q){f )cosij)° -ay(f )sin^°), 

a^ = -{cl &)(cos ^"sin = -(c / b){l + sin^ xp°) ■, 

«;c(0= ay(O = 0,£? = &3, 

c^(f ) = -6jrc[(l + sin^ ^°)sin^°) - sin ip° cos cos ip'° sin ^)]. 

By the equalization of the speeds (t) =C^ (t ),we get 

(3.60) tg^'°= ^''^^ ;tg^'°(y =0.5)=0.0075«0, 

1 + sin ^ 

The same relations follow from the consideration of the condition (3.49) for the 
cones between the points (l^ ^ Is) Xh ^ 3 ) • 

Finally, we come to the following recurrent equations for the projection of the 
normals (defined by the n -cones) with respect to the immobile coordinate system: 

(3.61) = ll(tj) + bf(Pf(Atj)a^ (Atj) ■ At^ , y=0,l,....w ; i=l n ; 

ly = I'yitj) + bt<Pi(Atj)ay (Atj)-,rp°=0, (p{rj) = 6jt, (p(0) = 0; 

1‘ = + b^(Pi(Atj)a^ (Atj) -r]= r]°=6jt , ip 

Using the obtained results, we can express the relative angle of rotation of the local 
coordinate system as the function of the model's basic parameters (W , y , k): 

•at the moment of the entrance on the hyperbola: 

(3.62) ^ =arctg[sin T/^°cos^°(l+sin^ ^°)‘‘]=Const(n,y ,k)\ 

•at the discrete moments (for the macromovement along the hyperbola): 

(3.63) ^(ij)=arctg(l- sin i/;° cost/»°+sin^ ^°) x 

X (l+- sin t/;°cost/;°+sin^ 

where the signs " +" and " are related to the spirals of the opposite directions. 
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The different values of the parameter y bring the variations to the angles" 
values 

The execution of the equalities (3.53-3.63) coordinates the mutual positions of the 
cones in the space and determines the changes of the geometrical macromodel 
coordinates in the immobile system. 

The obtained geometrical structure reflects the necessity of memorizing the macro 
distributions in space, created by the undistinguished states in the consolidation 
process. The information geometry describes the regularities of cooperative dynamics. 

3.3. The triplet's structure 



The geometrical meaning of consolidation at the discrete points consists of an 
additivity of the cone volumes V \ , and their increments computed at these points for 
each triple: 



(3.64) vM =v[+ vr + K" . Avr' = 2(3vr^’^ + . i=xs,i 

forming the triplet as a new macrostructure. The ratio of the volume to the surface 



of the forming structure characterizes its relative strength II (as a specific force 

of the pressure, measured by the ratio of the weight within the volume V\. to ): 

1 



V 

(3.65) n = — 7 = &/3sin(<psin^°)cost/>° 



F' = 



^Pi 2 

sm Ip 



dH ^ 

The condition of the extreme for the relative strength ( = 0) is satisfied by the 

dcp 

execution of the relation (3.32), i.e., with the maximum p((p). Each triplet is a 
structure with an odd symmetry order, determined by the equations: 

„ 2jt 

(3.66) n, = jT , 

jc I 2 + -{jil 4 - arcsin(2^) ) 

2 JT 



jt! 4-arcsin(2A:)' 



Moreover, the positions of the triplet's local coordinate axes in the space are not 
repeated precisely (Fig. 2.2 A), and any symmetrical transformations can not bring the 
above axes to an equivalent position. The transformation of local coordinates is 
preserved at Cp = + — 7t (k =1), and it possesses the symmetry of the reflection. 



The angle ^ ^ as a third space coordinate depends on parameter k . With growing k , 
the number of three-dimensional coordinates is increasing, and the restricted relations 
take place that admit an even symmetry order according to the relations 

(3.67) limn^( + ^'')=2.66; lim E[^(-i/^'') =8; lim II' ^ ( ^ "" ) =8, 

^->00 ^->00 k-*oa 

although the "conditional " symmetry order is the odd at any limited k . 

The considered space movement is accompanied with a rotary movement along each 
helix, and therefore it possesses a rotating moment M{i) , defined by the scalar 
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multiplication of a system's impulse imp{i) and the radius vector of the rotation 
r(/) for each local extremal piece (/) : 

(3.68) M{i) = imp{i) • f(/), imp{i) = ^ ^ 

dC. dt 

The impulse is preserved for the Hamiltonian model, and at the vicinity of the 
discretization moment when the macrostructure is forming, the radius of rotation 
acquires a maximal value r(i) = b(i) , where b{i) is the radius of the i -cone base. 

This defines the maximal value of each local rotating moment for considered the i - 
piece of the extremal movement around the corresponding coordinate axis: 

^^^=r(0 = H,(0 = • Hi)- 

The M^{i) is able of rotating the initial matrix eigenvalues for the eigenvector's 

space cooperation. This rotary moment of the macromodel movement exists 
independently on electrical and magnetic fields as an intrinsic information-g(^m.c\ncdX 
characteristic of the process of informational structure forming. 

Applying the above results leads to the algorithmic software procedure that is a part 
of the IMD software packet, implemented for the restoration of the OPMC dynamic 

and geometrical structures for a given ( y ,c, k , o !.^ ). 

3.4. The OPMC classification and accuracy 



The entropy function, defined on the extremals according to the equahty : 

(3.69) A5 = M{{x +vYX] = 1 / 2M[{x +vYr~^(x + v)]=n 12, 

preserves n during whole times of optimal motion and under the considered 
coordinate's transformations: 

n 

(3.70>r = x{r)T^{x{s)),Tr = Y\(2E -exp(A{t^)t,) ,x{s) = x(t^), 

i = l 

1 = 1 ,.. .,(«-!). 

The piece- wise function H{t)=II2A{t) is changed by the jumps at the matrix 

n 

A{ t) renovating points, satisfying the equality : ^ H{ T.) =AS . 

i = l 



Then, the differential entropy h corresponding to maximal H is: 

(3.71) Sup H(r,y=h(Tj. 

The local Hamiltonian has a meaning of the specific entropy of the OPMC: 

jv dAS „ dAX 

n = , and the entropy for the object accordingly: , 

where the above entropy's functions: 

(3.72) /i” = — / — =-/// V,V=cF, F= \\f\ 

dt dt 
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(3.73) hj = -^^=- H„=ll4Sp rr~\ c=c{n,y ,k), V^=c^ , 

characterize the peculiarities of a particular macrostructure. 

This function is defined by the dynamics and geometry, and it determines the 
information unity of the superimposing processes as a numerical indicator of the 

similarity of the created macrostructures. The objects with equal hJ are similar (in 



terms of equal information measure), and have the corresponding OPMCs that form a 
system of interlinking processes. The measure of the object and OPMC equivalence is 
determined by the relative accuracy of modeling: 



(3.74)s^=min 

n,y 



h\ ^ . 



1 / ASp{fr-^) 

lllSpal 



-1, at 



The identified extremal equations minimize , but it is not always possible to 

evaluate the exact equivalence of the real object and its model. The execution of 
equation (3.74) with a given accuracy establishes a possibility of modeling an object 

by the OPMC. The is associated with measuring of the information density of the 
diffusion process at the model's microlevel . 

The dynamic indicator of the OPMC consolidation represents the ratio 

n 

i = l 

where m is the number of consohdated processes, and fl is the total number of the 
OPMC processes. 

The optimal controls select the structures with equal a\{ t.) and join them. 

The methodology of optimal synthesis of the OPMC dynamics and geometrical 
structures has been implemented on computers with applied software packet that 
includes (but is not limited) the model's parameters n =4-100, y =(0.0-0.8). 

The serves as an indicator of the trajectories' complexity, and also characterizes 

the number of the renovating points, where the new information and structure are 
created. The optimal trajectory segments with the set of the discrete controls represent 

a minimal code that can be restored if the function =h^ (fl , ^ ) is known. 

The macromodel parameters with the equivalent encoding control methods that 
preserves are connected. 

The current model parameters (W , y ,k) can be determined by their relations with 
respect to some basic model parameters (fl^ o ’ • 

(3 76) = c{n,Y,k^)c^(n^,YaA)F^in,Y,k) 

cin,Y,k)F’^{no,Yo^ko)Fin,YXy 

cA^YoA) = yA,YoA) = L{no,YoA) = A 

From hence, at given , y ^, ^^ ) , the parameters (n , y , k) are foimd and then are 
computed: the dynamic parameters T, V, (/j), X^{t^)) and the geometrical 
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OPMC characteristics C , V. (/.) , X. (/.) , }, which determine the kinetics of 

the interlinking processes and the sizes of the geometrical macrostructures. 

This methodology also leads to the macrostructure classification depending on both 
the chosenmodels' parameters (W , y , k) and (n^ , Y 

Based on this computation, the typical sequence of the OPMC models is built. 

With increasing n and decreasing y , the relative model parameters such as the 

geometrical sizes (Ll the volumes (V ILq), and the duration of functioning 

( 7" / Jq ) are growing, while the relative speeds ( C / Cq ) are decreasing. 

With growing n , getting the lowest y requires increasing k (decreasing that 
leads to an essential increasing of the macromodel MC-complexity [1] . At small n , 
the OPMC with the nearest characteristics exist. As the OPMC dimensions and 
complexities grow, the nearest OPMCs (according to the classification) have more 
different characteristics that moves them far away with increasing n . 

The macrocomplexity, defined by a sequence of the encoded macrostates, is connected 
with the microlevel randomness, representing an attribute of an entire macromodel. 

The macroprocess' irreversibility restricts repeating the model's dynamics and 
geometry with the same controls that are associated with nonreplacement of the 
optimal coding program as the code imexchangeabihty. 

The model's information value is characterized by the unexchangeability of the 
model coding program by another program at the model reconstruction. A macrostate 
has a different value depending on the accumulated information. 

With growing n , a given macrostate accumulates a new information and binds it 
into the triplet structures. 

Each following triplet encloses the preceding one and therefore, possess an 
increasing information value. 

The memorized sequence of the encoding macrostates according to their values and 
the time-space locations represents the macromodel's structural information. 

3.5. The equations of an arbitrary IN*s elementary triplet 

The specifics of the IN consist of possibility to bind the nodes' sequence by the 
defects of information, produced by the information flows, interacting at each node. 

Let us consider an elementary cyclic process (Fig.2.3) with the sources of external 
entropies a^. at each t._^ and t. intervals accordingly, and the internal 

entropies ^4^ as the products of interactions at each next T._^ and T. intervals 
accordingly, using the following indications: 

{3.77)?» .,=i{2exp[A.,(r, / - 1)] - 1}-‘; 

^i-1 

(3.78)r* -^{2exp[A(r,.j / T, - 1)] - l}-‘ ; 

(3.78a) r*, = ^{2exp[4(r,,j / T, - 1)] - 1}-\ 
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Figure 2.3. An elementary cyclic information process between the IN's nodes i — \ 
and i . 




I ^ 4321 ^ 321 

t 

^ 54312 



Figure 2.4. The IN with the nonranged initial information string{y J = {cxl^}> 
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(3.79) a = ^{2cxp[a, (T,_, / 1,_, - 1)] - 1}'* 

h-1 

(3.80) a *, = ^{2cxp\a,(T, / 1, - 1)] - 1}'' 

h 

where the initial string is the source of external entropy (Fig. 2.4) according to 
the relations 

(3.80a) =a<,(y.)» »(/;)=«' i 

Then the entropy, delivered to the i -node for the cycle in a direct cycle direction, is 

A-l ” ^ + ^ 

and the entropy, delivered to the / - 1 -node for the cycle in an inverse cycle direction, 
is 

4 - + 

Both internal entropies bind the nodes {i — 1,/) and satisfy the balance equation: 

( 3 . 81 ) 4 - + + • 

The internal dynamic entropy for each cycle's arch, described by the equalities 

(3.82) - l)and + - A,(T*i - D 

of the corresponding entropy flows, should also satisfy the balance equation 

(3.82a)4_4r*._i- 1)= ± 4(r^~ d, 

which takes into account both directions of the entropy flows. 

By coordinating the cychc entropy' flows with the external entropy sources we come 
to the following defects of information for each node that contribute to the nodes' 
internal connections, accumulating virtually the bound information. 

For the node with 4 » taking into account the signs - + 4 (3.81,3.82), we have 

the defect: 

4-1 rVi-+4-«Vi- 

For the node with 4_i (at the signs - + A^T*^)yic get by the analogy the equahty 

+- 4 r*j+4-i - o-*i- 

Because of the opposite directions of the cycle's flows, we obtain the balance 
equation 

(3.83a) 4_i - + 4 - a j =- (+ - 4 r* .+ 4_j - a * . ) 

from which we come to 

(3.83b) 4_j + 4_i - a + 4 f - 4 + a * . , 

or to 

(3.83) 4_i(rVi+i)- a Vi==-+4(i^*i- i)+«*r 
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By getting to the next (i + 1), or (/ -2) step, the signs + will be changed on - , and 

in the equalities (3.78,3.78a) ^ because both of them depend on diverse 

functions. The set of equations (3.81-3.83) at the known independent and nonranged 
variables , t. , T._^y T. defines a a * . , and then . 

The interacting information flows (Fig.2.3) characterize the consolidating sequence 
of each two doublets representing a cooperative triplet's structure in the IN (Fig.2.4). 

These equations op^n sl possibility to encode a nonranged sequence of the IN's i - 
nodes into the final W-node, starting with node i-\. The values of are 

determined by the above invariant equations (3.80a) where the given initial string 
{ccl^} can encode the known alphabet's letters. Then can be found 7". . At the 
given t., T’. , a potential decoding procedure will compute sequentially T._^ and 

ti_i . 

Author thanks Dr.A.Treyger for developing the computer program, which enables 
effectively solve this set of the nonlinear equations. 

These equations describe each i -cell of the IN's system's structure based only on 
incoming information from i -1-celI. 

Therefore, each element of the IN's system's model enhances all necessary 
information about the IN's total previous structure. 

This result has a more general meaning: the identification of any system's element 
provides a complete information regarding the whole system and a prehistory of the 
system 's formation. 

Because the final element of the IN's system compresses the total IN's information, 
its capacity enhances and memorizes the total IN's capacity. 

Comparing with the traditional memory carriers, the final IN's node holds a 
"capacity" by the determined values of the equation's parameters, which actually do 
not need any physical collection and storage of the nodes' prehistory. 

All nodes' history can be restored by knowing the current parameters ( ^4^ , , Z'. ) of 

the IN's final node. For the IN's structure, this brings a possibility of practically 
unlimited increasing of capacity, constrained only by the analytical (or numerical) 
solutions of the above equations. 

Moreover, each IN final node stores a "time mark" indicating a total time of the 
nodes' temporary and spatial dynamics. 

The mathematical foundations provide a systemic methodology for formulating the 
integral information measure, information variation principle, and creating the time- 
space differential equations from statistics. Marcovian diffusion process is as a 
convenient model of nucrolevel's stochastics, widely used for approximating the 
random systemic interactions, which are integrated by the macrolevel's dynamics. 
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III. APPLICATIONS 

1. SOLUTION OF THE IMD APPLIED PROBLEMS ON 
EXAMPLES 



1.1. The identification of the concentrated object*s models 



Let us consider the problem of restoration of operator of the random process that is 
defined by the differential equation of a homogenous system: 

dx ^ ~ ^ 

(1)— + A=A(f ,x) 



where is a known function of time, depending on initial conditions of the state 
vector ;r=Jt:(0), with its probability density function p=p( J(0)). The above equation 
can be obtained, for example, by averaging a stochastic differential equation. 

Then g is defined by the moments of random process X (t). 

We will show that the matrix A can be expressed through the moments of the vector 
X . Let us write the solution (1) in the form: 

;c=exp(i4/) [x(0)+ J'^exp(-Al' ){t)df ] 

and the covariation matrix r of the vector X , defined on the solution (1): 

t 

r = M{xx^) = M{expi4/[x(0) + J*exp(-AT)J^(T)rfT] X 

0 

t 

[x^(0) + J’|^(T)exp(-A^T)fifT]exp(-A^O} • 

0 

By differenting r by t we obtain 

r = Ar + rA^ + k +k^ , k = M[x{t)g^{t)], k^ = M[x^ (t)g{t)] . 

At the execution of the symmetry condition 
(2) Ar = rA^ 

we get the relation A = 1 / 2(r - k - )r ~^ . 



In particular, for a conservative model {g (t)=0)) we have 
(3) A=l/2rr'* =i?. 

Because the matrix A is a nomandom, it can be taken out of the mathematical 
expectation's operation according to the equahty 



R = M{xx^) = M[xx^'\=AM[xx'^\M[xx'y'^ = A. 

The identification of stationary and nonstationary objects is performed analogically. 

dx 

Considering X = X , — -X , X = .. , X^ = {x^,. .. X^) as an object's 

dt 



input variable, we come to the identification equation 

/ Rx^ ,R{t,x) = , 
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r^2(t,r) = rii(?,T) = ^^[x\t)x\tf ]. 

The equation form = R{f)r^^{t,T:) coincides with the equation for optimal 

linear operator in problem of optimal linear filtration. If the random functions 
X {t),X {t) are connected stationary, then this equation acquires the form 

r^^{t,x) = R{t)r^^{t-x). 

1 2 

If ;r (^) and.;r {t) are connected by a differential equation, with a corresponding 

impulse transitive function g (t) = g, g{— t) == 0 , then the following equations are 
satisfied: 

00 00 

x^(t)=j' g^(x)x^(t - x)dx,r 2 i(x)=J‘ x^(s - x)x\s)^ds, 

0 0 

00 

x^(s- x) =j' (v)x^(s - 1 - x)dv, 

0 

00 00 

r2i(T^)=f^ - 1 - ,r2i(x)^ / 

0 0 

The last one corresponds to well-known Wiener-Hoph's equation. 

By substitution it into the initial identification equation we get 

00 

fg ^(t,r) = J'g^(v)rii(t - v)dv • [r^l (t, t)] 

0 

where the weight -function satisfies to the Wiener-Hoph’s equation as a condition of 
optimal filtration, based on minimization of the average mean square error. 

Because of that, R is also the optimal operator for this problem. 

Example. The object at microlevel is described by the equation: 

X = -(a + d^)x + crl^lx, a<0. 

A simple macroequation for mathematical expectations is 

X = -ax - aM[^x] + o^M[^fx] . 

Using the indications X^ = X , JCj = CIX^ + ;T 2 > write this equation in the form 

3i: = aij + = -a(ax^ + X 2 ) - aM[^x] + o\M\^Ix^ , 

X 2 = -a(ax^ + X 2 ) - aM[^x] + oIM{^Ix\ - a{ax^ + JCj) . 

We obtain the system 

Xy = ax^ + X 2 yX 2 = -a{a + d)x^ + ( a + a)x 2 - oM[^] + i] 

that corresponds to the initial equation (1) at 

li = 0 . 12 = + a^Mlf^x] . 

We can chose parameter a to get the symmetrical matrix A in the form 
A= , or a(a + a) = 1, a = -a / 2± / 4 - 

L,(l 
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In this case, the condition (2) is satisfied and we can use it for the identification of 
equation (3). If equation (1) is a nonlinear, for example because g g{x), then the 
correlation matrix k depends upon the parameters of the function , and for the 
solution we follow the steps: 

-to represent (1) through the equation for mathematical expectations m = M[x ] : 

(4) m = Am+ M[g{x,t)], 

-to substitute (1) into (4): 

(5) m = 1 / 2r + M{g{x,t)] - M[xg^ (xj)]- M[g(xJ)x^], 

-and to solve the algebraic equation with respect to the above parameters of function 

g{x). 



Using a serial representation of this function, we may express the coefficient of 
decomposition via moments of X -vector. 

Example. Let g(.r) = XX^ B, then M[g(x)] = rB, A: = M[xB^XX^], and by 
substitution of above equations into (5) we obtain the linear equation with respect to 
the components of vector B . For the second order object's equation we have 



six) = 
(6) k = 



+b2X^X2 
b^x^x^ + b^xl 



>M[g{x)] = 



Vll+ Vl2 

Vl2 + ^2^22 I 



b^M[xl] + b2M[xlx2],b^M[x^X2]+ 
bj^^xlx^l + b^Mix^xl^b^Mix^xl} + b^Mlx^] 



Example . The identification of the nonlinear object's model: 
x^ = a^{xJ){x^ +v,),i,j = l..,n 

where V. is a control, and the function a.(Xj) can be an essential nonlinear, for the 
example, in the form of a jump-changing operator 



(7) a^(xJ) = \a^ign[Xj{t) - x^.(t)] , 

\'^o ~^j\ 

For this case, the identification of unknown operator is possible at the moments of 
uncoupling of the time correlations at DP{T-} when the controls execute the condition 



( <[Xj{t)-Xj(r)]<a^\ 

a^<[Xj{t) -at/t)]< a, 
,«o <[Xj(t)-Xj(x)]< a. 



(8) r{r^) = 2M^^[a^{Xj{r,)){x + v^f]=2a^(xJ(r^))M^^ [(j^y(T;) + v^f] 

and the extraction of unknown operator from operation of conditional mathematical 
expectation takes place. 

Indeed. According to (2,8) we get the sought operator: 

(9) R(r^) = 1 / 2r(T.)r"^T.) = + v./] x 

xWv,[(^y('*^i)+ =ai{Xj{x^)). 

Example. .Let the object's model at microlevel is described by the equation 



x+ ax + afixx + cx+u = 0, 
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with the random parameters a ,c , where a , C have the continuous uniform 
distributions with the means Ct^ ,C^ accordingly. 

Writing the model in systemic form, we get 
(10)JCj=Jcj, - cXj^- a - a p x^ix^+v), aj3x^v=u. 

The control V is chosen from the condition of uncoupling the correlation: 

(n)M[apx^(x^ + v)^]=PM[a]M[x^]M[{x^ +v)^]= 

=a^pM[x^]M[{x2 +vf] 

that can be fulfilled at the DP of the control's jump. Then the matrix R( T^) identifies 
the above operator. The macromodel of the microlevel equations: 

(12) X^=X 2 ~,X^ = M [^1 ], Tj = M[xJ , =- (c„ ^ + aj x^ + ), 

x^ x^ 



u (c„ — v + a^p x^v +a^v). 



is identified by the equations 

...Td ll«...o|l „ 






>^1 = - >^2 ” 



JCj Jfi 



xJr)+ V 



^(c^—+aj x^(r)+a^). 



1.2. The identification of the space distributed object's 
models 



Let us consider the object with a stmcture of a matrix differential equation 

dx .dx ^ 

{\4)—=A—-,A = A{x,t,l), 



where X is vector of the state coordinates, / is a vector of the space coordinates. 

This is a generalized form, applied to some equations of mathematical physics, as 
the diffusion, heat transfer, wave functions, Laplace's and Hehngoltz's equations. 

The identification problem consists of restoration of the operator by observation of 
the equation's solutions in the form 



(15) x{t,l) 



TTx 

^1^ 2*^0 ’ 






with the random initial conditions X^=X(t^ J q )» ^ given probability density 



P(-^o)=Po . The boundary conditions X-X{t^ ^ l)=X(l) for the observed process, 

assume, are included naturally into equation (15). 

At first, we determine the operator of the ordinary differential equation 

dx 

(16) —=A^x , \ = \{x,t,l), 
at 

which according to equation (15), takes the form 

(17) . r,T,-'=A • 

at at 
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Using for the identification of equation (16) the relations 

(l8)i?i=M[Jc jc ]'^M[;c( — ) ], 

dt 

M[^ *]=M[ri r, ^0 Vi T^M[x^ T^)* 

with the symmetry conditions 

dx ^ dx ^ dx ^ dx ^ 

M[^( — ) ]=M[( — )X IM[X( — ) ]=M[( — )X ] 
at at ol ol 

and the solutions (15), we come to the equations 




The nonrandom functions can be taken out of the operation of mathematical 
expectation. We get the equality Ri~\ from the relation 

dx ^ ^ . 1 * 1 * 

(19) M[x(— ) y^Tj^M[x,x, iTj^) (r/r;') ^t,%-'m[xx i 

at 

Let us determine the operator of the equation 

dx ^ , 

(20) —= A^X \ A^=A2(Ixx) 

that can be written in the form 

^2 ^1*^0 ^2 ^2 “^’^2“^^2* 

By the substitution the solution of equation (15) into the relation 
^ dx ^ 

(22) R^=M[XX y'u[X(—) I 

ol 

we obtain JT IpT^T^MYx^X^ \T^T^) ,and 

dx ^ _i * 

( 23 ) M [^(— ) yt^"t;^m[xx ], 

After substituting (16, 20) into the initial equation, we come to the equality 
X=AA 2 which has to be satisfied for all nonzero X in (15,17,19,21,23). 
Writing this equality in the form \ x X *=A .T ;r *, we determine the unknown 
operator by the formula A- \ ^ 

The operator ^ can be identified direcdy using the relation 

X. -1 * dx ^ 

R, =M[xx ]{M[x( — ) ]} \ 

ol 

If the operators depend on the state coordinates, then the extraction of the considered 
nonlinear functions is executed from the condition of uncoupling the time-space 
correlations, for example, by applying the controls M (t,/)=M (t,/^)M (^^ ,/) to the 
object. 

For this purpose we write the equation (16) in the form 
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- = A(^+v,x 

at 

where A^V^-U (Ul^) is the time depending control, applied at the space point of 
the space distribution; Vj=Vj(t,/^ ) is the control, reduced to the state coordinates 
X (t, l^) By analogy, we write the equation for the space distributed controls: 



where A 2 y 2 =U{t^J) is the control, applied at the moment to the space 
distribution; =V 2 , / ) is the control, reduced to the state coordinates 

The operators (19, 23) are identified during the process of optimal movement, at 
first, by applying the optimal control U (t,/^) at the fixed point (/^), and then by the 



distribution of the controls as the function of / . 

Such identification and optimal control are combined by the time and space. 

If the increments of the space coordinates become zeros, then we get the consolidated 
space model operator. If the increments of the time state coordinates become zeros, 
then we get the consohdated time model operator. On the contrary, we will continue 
the identification procedure until we obtain the distributed model in the form (20). 

Some of the mass', heat transfer's and chemical kinetic's processes are described by 
the integral-differential equations: 



(24) )dl' 

t 



dt 



To such a fonn can also be reduced to the equations in partial derivations: 



(25) 



dx 

dt 



= divLWX 



with X-X(t,l), X=X(t,l) as the conjugate vectors and L(Jt,/,t) as a matrix 
function of the kinetic coefficients. At X=h X (with h as an inverse covariation 
function), the equation (25) acquires the form 
dx 

(26) — = VLVhx, 
dt 



where V is a Hamilton's operator in the equation for gradient, divergence: 
V X=gtadX, V L=divL. In a particular, the equation (25) at constant L(l), h(l) 
leads to the generalized form of diffusion equation with the operator 

dr * 

R = — r ,r=M[JC.r ]. 
dt 

Transformation of the equation (26) to the form (24) is given in [2]. 

Following this transformation, we write the operator (25) in the form 



pLVhxd (/ - /' )dl' =jAt//' =VLV/t , 



where 6 (/-/') is the three-dimensional 6 -function. 

We identify the integral operator assuming that the solutions (24) are observed: 
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(27) x=TJ^x^ ■ Ti = ri(/,/o) , = T^{to,l ) . Xo=x{to,lo)- 

Using (27) we write the equation 



dx 



(2S)^=\T,T^x, ,A^=T,%-\ 

at 

which operator is identified by applying (18,19). We obtain the equalities 

jjj ^JC ^ 

R,=\, R,=U[x(l)x(l) r^M[—(l)x{l) ]. 

at 

After the equahzation of (24) and (28), and the integration of both equality's sides by 
/ , we get J* A^xdl i ifAdnxdr 

I I V 

Integral equation A)“J* defines the unknown operator. For the variable /' we 

T 

get A=— div Aq. The symmetry condition for (24) leads to the equation 

dR,{U\t) _ dR,{VXt) 
di dr 

Example . Let us consider the distributed one-dimensional object, described by the 
heat-transfer equation 

dx ^ d'^X , , . 2 

(29) — = A — 5 “ , X = X , / = L , A = a =Const 

dt dr ' ' 

at a given initial probability density and a known initial distribution 
P(^o) ~ along the line x{t^,l) = x{l ) , with the solution (29): 

(30) x{t,l) = x^cxp{M -k^at). 

The problem consists of restoration of the operator A . We find the solution by two 
steps. First, we identify the operator of the ordinary differential equation : 

A,x,\=\{xxi)-.R,=mx{tAfY"m^{t,i)x{,t,i)i 
dt dt 

By substituting the solution (30) we obtain 

Q2)Ry = -k^a^ =A^. 

Then we identify the operator of the equation in its systemic form 

d^x 



dx, dx,, 

= r^pc,^. > TT = . —r,; = x„ 



dl 



o»Xi _i 

r^Xi> ^ = ^ 1 . —^12 



At = Tjj , the symmetry condition for this operator: 

. 2 . . 

^ ~ ||r ,o| ’ dl^ ~ ^ ~ ^ 12 ’ is fulfilled. 

From that we find the unknown operator of the initial equation 
(34) A= = a\ 

Writing the system (33) in the form 
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dx, dx^ 

dl ^ dl ^ ' 

we satisfy the symmetry condition at = -k^ =1, which leads us toward (34). 
Example . The distributed object is described by one-dimensional wave equation 

d^x d^x ^ 2 

(35) — r=A — r. A=c = const, 
dt^ di" 

at the given initial conditions X(tg,ly=X(l), and the known initial probabihty 
density p( X^ )=p( X (t^ , 1^)). The solution to the equation has the form 
Q6)x(t,l)=x{t^,lJexp{±iM ±ickt). 

Let determine the operator of the system 
dXy dx^ P_IP’^2|| 

which we represent by the analogy with (33) in the form 



k,o||’ 



dx^ 

dl 



= ^12^2 ^ 



dx^ 

dl 



= ^21^1. ^ = 



p»^12 

|T2i,0 



. hi=r 



21 - 



Using the relations (20), (31) and the solutions (36), we get the solutions 

icfc, o|| ^ 

Returning to the initial form of both equations, we come to the equations 

^ ^ A A 2 ^ ^ A A 2 a a a 2-2 2 

^^2 “ — Cl^2 » ~ ^12 “ AA ■" 12 “ ^ • 

Example . The identification of integral-differential equation in the form 

Q7)^{l^,t) = J A{lJ^,f)x{l^,f)dl^- =f A{lJ^,t)x(l^,t)dl^ 

h h 

at given initial probability distribution pVx{l^ ,G)\ = p^ . Ai first, we identify the 
operators 

1 / 2jj'r, {k,t)r;\lj„t)dl^dl, , 

l\ h k 

1 / 2^r^{k,t)rl\k,k,t)dl,dh=^R,dl^, 

h h h 

using the relations 

r^{l^J^,t)=M[x{l^,t)x* r 2 {l^,l^,t) = M[x(l^ ,t)x*{l^,t)], 

r^i{,t)^M[x{l^,t)x*({,t)], r^{l^,t)= M[x{l^,t)x*{l^,t)] 

and the solution of the system (37) in the form =X^ , x{l2,t) =^2 

At computation of the functions 
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at at at at 

we use the initial equation forms and their solutions. We have the equation 

h 

Because x(l^,t) does not depend on , we may input it under the integral sign. 
Then the last relation has a form 

= M^^A{kA,t)x{l,,t)x*{l,,t)dl,^}. 

h 

Because is a nonrandom function (as well as the ^^2 ),we may write 



4 4/2 

hh 

M[x{ \,t)x*{l^, ty\M\_x{l^ ,t)x*{l^,t)\ ^ dl^dl^ = 

h h h 

, I 2 , f)dl^dl2 ^ 



h h 



and we can get the sought operators from the relations 



dl^ ‘ ‘ " ’ dl, 



The symmetry conditions in the fonn A(^i>^2’0 and the equations for 

Ri , ^ lead to the equalities 

d[Jf2{kd)rl\li,l2,t)dli] 

^r^{l^d)rl\k,k,t) =d^ 



dl^ ~ dl, ’ 



dl, 



^[friik’tX\li,l2^t)dl^] 

^d^=ri(k’t)r;\k,l2,t)=— , 

0 I 2 

which determines the equalization of the local operators , ^2 at the DP, preceding 

their subsequent cooperation [3 -6] . 
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1.3. Synthesis of the optimal controls 



Solution to the optimal control problem that minimizes the proper functional, can 
be simplified by reducing the initial mathematical model to a canonical form. 

We assume that the correlation matrix r of the initial distribution is a symmetric 
and a positive determined; the matrixes A and r are non singular and they do not have 
the multiple roots. We are looking for transformations that are able to reduce both 
matrixes A,r to diagonal form simultaneously. The symmetric matrix r can be 
reduced to diagonal form by some orthogonal transformation 

d, 

0,d, 

0,0,0, d„ 



(l)y = T^x , Tj = = T^rTj = 



where X are the matrix eigenvectors, d. >0 are the matrix eigenvalues. 
By applying the transformation 

{dy^ 

(?)y = T^y = rTyx, = .... 

to the variables y we are able to reduce r to the diagonal form 

111 



(3) r- = r[r T, = TJ,rTX = 



0,1 

0,0,0, 1 



and to write the matrix A in the form 

(4) A^=TXATjy, 

which can be reduced to the diagonal form 

h 

A= .... 

|o,0,0,Ai| 

by the transformation 

(5) z=TyT^x, Tj =||y 



where A- are the matrix eigenvectors and eigenvalues accordingly . 



We come to the system 

z= A{z + u),z= Tx, A = T~^AT 
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A, 

0,0,0, A, I 



,u=Tv , 



( 6 )r = r ' Vr = 



1 

10,1 

0 , 0 , 0,111 



,T=T,T,T, 



For the piece-wise constant controls 
(7) m(t) = -2z(t) 
we obtain 



f(T;) = (2exp(A;Tj - E){2exp{A, r,)-E), 

^(t,) = -2^.exp(4T,.)(2exp(^^T() - E)~^=r^ , 

(8) 4 = 1 / 2f~% , 4 = 1^.1 exp(4_iT;)(2£ - exp(4_iT^))‘‘ 

The initial equation with the optimal controls has the form 

(9) Z= Az 

and the solution 

m 

(10) z(i„) = ri(2£- exp(4T;)Z;(0) . 

i=l 

The discrete control's intervals are determined by the joint solution (8) and the 
equation 

m 

(11) [](2£-exp(AT,)z,(0)=z(r)=0, 

i=l 

which presents the system of n equations with respect to m unknown discrete 
intervals. The necessary condition of existing of the unique solutions at arbitrary 
Z^(0) consists of the execution the equality n = m, with number of the discrete 

intervals m equals to the state vector dimension n . 

The initial controls as the functions of the state vector can be found by applying the 
inverse transformations z{t) to the initial process x{t) . 

Let us find the discrete intervals using these formulas for the two dimensional 
system. 

We get 



(12)(2£-exp(AjjT2)(2£- exp(Ai„Tj)Zi„ = 0, 



{2E- cxp{k^p:^){2E-Qxp{X^j^)Z2o = 0 - 



(13)Aii = -Ai^exp(Ai„Ti)(2- exp(Ai„Tj)) 
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1.0 

The relations (12,13) are satisfied at 5*^ 0 , Z 20 5*^ 0 only if 

(14) (2- exp(Ai„Ti)(2- expCAj^Ti) = 0 , 

from which we have 

(15) = ^21 ’ ^2 ” In 2 / j 

(16) Ai„ exp(Ai„Ti)(2- exp(Ai„Ti)'^ = A^„ exp( A2 „Ti)( 2- exp(A 2 „Ti))'’ 

The solution of the last equation gives a single discrete moment for the system. 
Let us consider the procedure in some details. 

1. The matrix eigenvalues , A 20 are real. Using the indications 

(17) ,Z = exp(-Ai^Ti) 
we obtain from (15) 

(18) (2z-l)-‘ = a(2z“-ir' ,or 2z“-2az + a-l 
The discrete time equals 

(19) Tj = -(AJ'‘lnz(a). 

2. The matrix A^ eigenvalues are complex: 

^10 = «. + 7A - -^ 2 . =«. -jPo- 
By substitution them into (17) we have 

(20) {a^+jpJ{a^-jPX' = 

={2exp[(-a„ - y^jTj] - l}{2exp[(-a„ +jPoX]- 1}"'- 
Taking into account 

(21) exp[(-a„ ± y^jTj] = [exp(-a„Ti)](cos^^Ti ±;sin^„Ti), 
we obtain the equation 

(22) 2(a^ sin^^Tj + cosp^Tj ) - exp( ) = 0 , 

which at the given determines the function (a^ 

By knowing Tj we find ,A 2 j using (20) : 

(23) Ajj = k^^^[(a + jb)(c + jd)] / / = -[(oc - bd) +j{bc + ad)] If, 
where 

(24) a = exp( a„Ti)[a„ exp(a„Ti ) - /3„ sin/3„Ti )], 

= exp( «„Ti )[a„ exp(a„Tj ) + p^ sin^^Tj ) ], 

(25) c = 2 - exp(a^Tj)cos/3^Tj , 

(26) d = exp(a„Tj)sin^„Tj,/ =4-2exp(a„Tj)cos/3^Ti +exp(2a^Tj). 
The condition Aj j = Aj j leads to the equations 

(T7)bc + ad =ImAii = ImA 2 i = 



^21 = --^2.exp(A2„Ti)(2- exp(A2„Ti))'*, = 
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-2 exp(a„TiX a,, sin^^Tj + cos^^Tj - exp(2a^r,)) -0, 

(28) oc - bd =Re Ajj = ReAjj= 

=2 exp(a„Ti X «o sin^^Ti + cos^^Tj ) - exp(2a„Tj) , 
which determine the imaginary part of eigenvalues is equal to zero at discrete moment. 
Finally we get 

(29) All = Aji=&c + ad = R& An = Re Aji , 

(30) Re{(a + jb){c + jd)] I f = [{ac - bd) + j{bc + ad)] / / >= 
=[2exp(a„Ti)(a„cos^„Ti -^^sin^^Ti) - a„exp(2a„Ti)] x 

X [4- 2exp(a„Ti)cos^„Ti +exp(2a„Ti)]‘^ . 

By knowing we find T2 from (15) and then synthesize the optimal process 
using the equality 

(31) jr(0 = {2E- f ‘‘ exp(A^()f );ci (Ti_i). 

Let us consider the last relation at the complex A^q , A 20 • 

We present the matrix in the form 
exp At = exp(AioO(Aio - A2 o)''(I - X^^E) + , 

+ exp(X^d)i^ 2 o - - Ko^)=T'^ exp{At)T = 

=[exp(Ai,/)(Ajo- Aio) + exp(Aji;)(Aio- A2 o)][(Ajo - Ai^XAio - A^q)]'* A 

~ [(^10 ~ ^2o)(^10®^P('^2(/) ~ '^20®^P('^l(/))][('^20 “ '^lo)('^10“ '^20)] 

After substitution we obtain the final relations for the optimal process 

(32) x{t) ={2E-exp{a {r^)t)[a (T^)P{r^)~^ sin p{r^)t - cos^ {x^)t]E - 

-A^expia ir.)t)\p{rj^smp(r.)t])x^ , =x(T;_i). 

The matrix A(Tj) at the final discrete interval is reduced to diagonal form 

automatically. Indeed, because A(Tj) = (T^T 2 )~^ EX^^(T^T 2 ) = 
we have at the final interval 

(33) A(T,)=(r,r2)-^A(TO, A = Ek,,. 

Example. The object's model has the real eigenvalues of the matrix 

-2,0 I 

0 75 - Jr ° 0-75 (j:i + Vi) - {x^ + vj 

with the known initial conditions Xk, ,^^20 > the probability density, and the 

M{xI^),M{x^^^q) lp.4,-0.3 

covariation matrix = = 

M{x,^,,\M{xl) 11-0.3,0.85 

Let's transform both A^ , to diagonal form using the canonical transformation of 
the coordinates Z= Tx, and finding the eigenvalues of V^{d^,d 2 ) in 
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thefonn: = ^,d^ = 0.25, and the eigenvectors of r^{g)^ ,(p^) from equations 

(34) d^<p^ = r^(p\ d^cp^ = r^(p- , |<p‘|| = |<p^|| = E. 



We get = (5) 



- 1/2 



I (p = (5) 



The matrix Ti=(5) 



- 1/2 



1,2 

- 2,1 



reduces to diagonal form. 



we { 



d,,0 

confirm that r^= and obtain Ay = = 

U, U2 



Using the transformations X = T j ^-T ^M{yy^ )T\ -T ^ , 

ry -Tlr,\{T;^f=r^ =T;^r^{iy =T\rJ, 

1.5,-1 
|-0.25,-1.5|| 

for the equation y = A^{x + T~^v) ,y = T^y , r = Tj V^, {T^^f =E , 

Now, let us find the matrix eigenvalues: Aj=- 2, A 2 =— 1, and compute the 

1 2 

matrix A^ eigenvectors 0 ,0 using equations analogous to (34). We get 



= ( 2 ) 



-V2 






u 



Introducing the transformation Z = , T’j = h'.c 



, we get 



f = T;\(T;^f=E, A=E 



- T "^’^1 



All considered transformations reduce the initial system to the canonical form: 



(35) z = T^y = Tyryr^x = Tx,t~q.o) 



■m 



0,2.5 

2,1.5 



z = T'\T{z + T~'u)=A^{z + V J 

-0.3,0.5|| 

0.4,0 



.-1 



(36)v^=(10) 



- 1/2 



With the optimal controls =-2z^ , the coordinates of the system acquire the 
following values at the discrete moments T ( Tp T 2 ): 



(37)z(t) = (2£-exp4T)z„,z(T)=|z(Ti),z(T2)|| , z(Ti)= 



'11 






^z(r,)= 



^12 

^2 




Applications 



215 



= r‘i • Zi2 = (2 - exp(AjoTi)(2 - exp(AiiTj))Zi„ =0, 
l^2o|| 

^22 = (2 - exp(A2oTiX2- exp(AiiT2))z2„=0. 

From the previous relations for a =0.5, we get 

Zj =3 / 2- =3/2+ 2^^^ (because = exp2Ti > 1 ,Tj > 0 and only the 

second root ^ satisfies to the equation), and then we have 

Aii=A2i=0.414, Ti- 0.534, T^^l.b?. 

Finally , we obtain the following optimal states 
.^1 ( Tj ) =(2 - exp( -2t^))x^q + 0. 75exp (2 - exp( -2 r^) ) » 

^ 2 ( Ti ) =(2 - exp (- 2Ti )); c20 - 

The real discrete intervals are feasible only at the negative eigenvalues that are 
executed for the stable object model. 

Let's find the values of H, AS functions and eigenfunctional Q(T) : 

H(t,) = AiozJ„ + A2 ozL=- 2-4. = -1 / 2{zl + zl) = -1 , 

M[H(Ti)] =Aio + A2o=-3, 

MiHir^)] = All + Ki = 0.828, H(t 2) = AnZi^^ + A 21 ZL =0.828, 



i/(Ti)Ti = -1.28, H(t2)t2 =1.38, A5(Ti) = M[//(Ti)]Ti = -1.6 , 

A5(t2) = M[H{r,)]r, = 1.4, S(D = H(Ti)Ti + H(t 2 )t 2 = 0.1 «0 . 

The Figs. 3.1a-3a illustrate the character of optimal processes, control functions, 
the phase trajectories, and also the values of H and AS functions at X^q = X^q = 1 . 
Example. The object's model has the imaginary eigenvalues of the matrix 
0^1 

Q • -^10 ^ 7’ ^20 ^ ~j' 

Assume that the matrix r has already reduced to the diagonal form with r =E. 

1 2 

The eigenvectors (0 ,0 ) we find from the relations analogous to (34 ): 



<t>^ = (2) 



- 1/2 ^ 2 — 1/2 ^ 

. , 0 = (2) . . Introducing the transformation X = Tz , with 



T- ( 2 )- 



we get the equations analogous to (6-9,35) and their solutions 



with optimal controls at both discrete intervals : 

Zii(0= (2-cosf-ysin0z,<, , z^^{f) ={1- cost + j sin t)z^^. 



^ii(0= (2-cosf-;sinOZi„ , t,^{t) = {2 -cost + j sin t)z^^. 



Zi2(0 =(2-expAii(/- Ti))Zii ,Z22(0 =(2-expA2i(?- Ti))z2i, 

All =(2sinTi- 7'2 cosTi - 1)(5-4cosTi)‘\ 

A 21 = (2sin Ti + 7‘2 cos - 1)(5 - 4cosTi)'* , 
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1 2 

Figure 3.1. Optimal processes and optimal controls (V^ , ), for linear systems of 

the second order with different eigenvalues of matrix A: a)-real eigenvalues; b)- 
imaginary eigenvalues; c)-complex eigenvalues. 




Figure 3.2. Phase trajectories for optimal linear systems of the second order with 
different eigenvalues of matrix Ai a)-real eigenvalues; b)-imaginary eigenvalues; c)- 
complex eigenvalues. 
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AS -H H 




Figure 3.3. H, AS^,AS. functions for optimal linear systems of the second order 
with different eigenvalues of matrix A: a)-real eigenvalues; b)-imaginary eigenvalues; 
c)-complex eigenvalues . 




Figure 3.4. Optimal functions for the closed feed-back systems with imaginary 
eigenvalues of the matrix A. 




Figure 3.5. Graphical solution for a minimal Tj . 
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Im Ajj=> Im Ajj, Tj = arccos 112== jc I 3, =ln2 - 3^^ + Tj = 2. 25. 

Transferring back to the initial coordinates we obtain 
(2 - cosf).TjQ,-(sin 0-^20 

(sin 0 -^ 1 0 .( 2 - cos 0-^20 

x^(t) = (0.82a:jp - 0.474.t:2o)(3. 66 - expO. 58f) , 

JCj(/) = (0.474.t:jo+ 0.82.T2 o)( 3.66 -exp0.58i). 

The Lagrangian of the eigenfunctional has a form L = 1 / 2{x^ + 2 XX —X^). 

The Euler equations: Xj = Xj , Xj “ “-^i leads to the Hamiltonian: 

H=ll 2(i" + /) = !/ 2(Xi + xl ) , 

which takes the constant value on the extremals, equals to 2. 

For the controlled, closed feedback system we have 

SpA° =Pii + p22,/022=7exp(-/)(2-exp-/)'\ 

Pii = 7expC/^)(2 - exp7^)’\ 

At the discrete point, the equation: 

= RePii('^i)= ReP22('*^i) =pL('^i)= 0.5 
is satisfied at Tj = ;r / 3 with changing sign ~ ~P 2 i(^i ~ 

The execution of the last equality requires to apply the "needle controls" only to one 
of the subsystems with A21 = j . The local Hamiltonians and eigenfunctional acquire 

the form //( T^) =0, //( T2 ) = A ^ q + A 2 jJt:2Q =0.58( 0 *^20) ’ 

Q{T) ^\.3\{xl^-^ x\q) . 

Optimal processes, controls, and the above functions are shown on Figs. 3. lb-3b. 
Example, The object's model has the complex eigenvalues of the matrix 

t u 

: K 2 =^o^jPo - ««=-!. ^„=l,withr = £. 

We get the equations 

1/2 

2(-sinTi + cosTj) =exp(-Tj), 2*2 sin(Ti - jr /4) = exp(-Ti). 

Using numerical solutions and the iteration process, we select the minimal T^, 
according to Fig. 3.5: 
r^(i)=njt+ jt/ 4, n=l,2... 

We obtain A^ ^ = A 21 =0.3 and the optimal states 
1.4 ;Tio- 0.8X20 

x(Ti) = 

0.8Xjo + 1-4x21 

The values of local Hamiltonians and the MH( Tj) , are 

H(ri) =«„ (xfo + 4o) =5. ■f^(T2)=aii(;tfo + 4o) =1-5. 

MH( r^)-2a^--2, MH{ ) =2 Aj j =^0.6. 
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X X 




Figure 3. 6. Optimal processes: a)-and phase trajectory, b)-the example with complex 
eigenvalues of the matrix A. 




Figure 3.8. The probability density function. 
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Optimal processes, phase trajectories, controls, and the AS functions are given on 
Figs. 3.1c-3c, and Fig.3.6. 

For the comparison, on Fig. 3.7 is shown the functions at the nonminimal time 
interval, different from -7t + Jt 1 4. 

The probability density reaches a minimum at the Tj moment. Fig. 3. 8. 

Example Optimal synthesis for the nonhnear object's model: 
i-exp(-.^)i + a x+u=0 
at random initial conditions x{0) , i:(0) . 

Using the indications .Tj=exp(-- j) ,X^=X 
and the controls ( ^ 2 )= M , we come to the system: 
x^=- x^ + x^=ix^ - a)x^ + u^ , 
the equation for the discrete moments: 

Aj( t) -X 2 (T)=X^(Tya =A 2 (t) and the optimal control functions: 
u^(ry=-2x^(r)=2X2(r)x^(r), U2{r)=-2x2{ry=^-2{x^{r)- a)X2(r). 

The results of numerical solutions for diffetent initial conditions are given on 
Figs.3.9-11. 

The needle controls are appied for transferring the optimal trajectories to a given 
teiminal state. 

1.4. The procedure of joint identification, optimal control, 
and consolidation 

Let an object be described at the macrolevel by the solutions of macromodel 
equations with unknown matrix A= A(t) , which values are fixed at the discrete 
intervals (DI). 

The solution of the identification problem consists of the restoration of matrix A 
by measuring (computation) of object's covariation matrix and its derivative . 

Let us show that the matrix /^(t) = 1 / 2r^(T)r^(r)”^ , settled on the solutions 

of the object's equations, determines the object operator A . 

Indeed, at V(5 ',t) = (t^ , k=l,...,m, we have the following equations: 

i, = A{x,+v,), v,=-2 jc,, y,=x,+v„ y, = A};, , 

y,=exp(A/) exp(A/) , r^{t) = M{yj^) =exp(A/) exp(A/) , 

= M{x^xJ) , r^(/)"‘=exp(-A?) exp(-A/) ; 
r,{t)=r^{t)+r^ {t)=M{%y^) + M{yj^)=A&\Tp{At) exp(A/) + 
+exp(A/) exp(A/) A ; r^{x) =r^{x - d)=lA exp(A/) exp(A/) ; 
i^(T)=Aexp(A t) r^exp(Ar) exp(-AT) r/^expC-Ar) s A= 

-A{x- o)=A{s + o) . 

For the observed controlled object, the identification of the matrixes 
4 =A(t^_i + o)=A(Tj_j - o) and 4 = A(Tj_i +o) = A{x^_^ - o) 
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is performed by the analogy at each discrete interval of applying optimal control. 
The number of the discrete intervals is equal to the number of the independent state 
variables, and (W-1) moments of the switching control are determined by the 
considered system of equalities at given r , r { T^) , (t^ = 0) . 

This control enables it to transfer the object into a given final state through an 
optimal trajectory. If there exists a set of the moments (t^ , . . . , ) , then the 

unique solution of the optimization problem (in term of selection of a single for 

each found control ) is achieved at choosing the minimal for each k . 

A chosen ensures a minimal time of the above transformation. 

The initial piece-wise optimal control is determined from the relation 



Solving the joint problem of optimal control and identification includes the 
following sequence. At an initial moment (t^ = 0), using a known r(0), r(— 0) 
let us determine the matrix 

A''(-0)=- l/2r(-0)r''(0)=A(+0),4=A(+0), Vre(0,Ti) 

that is transformed into diagonal form. 

.2 n\ 



Considering the C„ 



of possible equalities: 



J 



(n-2)!2! 

1 exp(- A°Ti ) A° exp( -k°x,) , 

2 - exp( - ) 2 - exp( - A^T j) ^ ’ 

let us find all roots for each of the equalities, and select a such one that corresponds to 
the minimal = min (Tj\. ) , which defines the first moment of 

switching control. The above equalities for the eigenvalues (A^, A^^ are reduced to the 
simple equation form 

(1) 7] - — T7 + a- l = 0, 



y '' - 1 A^ 

where a = -^^=a(i,j) ,yl = ^,ri= exp(-A;’Ti)>0, 

^ y j 

that follows direcdy from the equahzation of the eigenvalues at Tj . 
All discrete moments { } are found by the analogy: 

+ min {xi}%, Tt > , k=2,..„ m-l. 



where {T^ }are the roots of the equations (1). The last moment of discretization 
=T (when the control is turned off), is found from the equality X(T)=0 by the 
solution of the corresponding Caushy problem. 
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The condition of the eigenvalue positivity is satisfied by applying the needle control 
6v(Tj,.)=v(t^ + £,•)- 

at the infinite nearest moments t= and t + £ , e >0. 

Let us show, that applying that control will change the matrix's A(t^ + 0) sign 
regarding the sign of the matrix A( - 0) . 

Indeed, following the known eigenvalues for ( , A^p we get 
A(t^ + 0) = -{2E-esp(A{x^ - 0)(r^ - x 



X exp(A( Tj - 0)( )) A( - 0) , A( - 0) = A( + 0) . 

Assuming E = and then turning e — > 0, we arrive at the equalities 

A(t^ + 0) = -(2£- exp(A(Tj_j + 0)e)"‘ exp(A(T;^_j + 0)e) A(Z/^ - 0) , 
A(t,+0)=-A(t,-0). 

The needle control should be applied at the violation of the object controllability. 
Let us consider the procedure of the macrostate consolidation. 

The condition of the eigenvalues equality for the matrix 



a = 



^11’ ^12 


def 




^21 ’^22 







,a = a ,fe(Tj_i,Tj), 



A^(t,)=A^(t,-0)=A^(t,+ 0), 
according with the relations 

^1.2 = ^ + ~[(^f - det af ^ (^f - del a =(aiia 22 )^+ 4 ( 012^=0, 

leads to 1=^22 > ^ g ’ to the matrix diagonalization. The model is reduced to 

the diagonal form (with state vector Z and equation Z= A(z + v)), and then is 
transferred to a new rotating coordinate system toward achievement the equahzation of 
phase coordinates . 

The angle (p.j of rotation the coordinate plane (Oz^ Zj ) is found from the equations 

1 ^ II ■ II I. ■ 

Zj 

We get the equations 

Z (t , •) 

z\ sin (p^J + z'j cos (p,j = ^ cos (p,j - z\ sinipy), 

<Pij=arctg ^ — ^ - 

for N=0,l,2,... Because of an arbitrariness of ^=1,..., (n - l),/,y = l,...,AZ , the 
analogous relations are true for any two components of the state vector and for each 





cos (p.j, -sin (p.j 


Z'i 




sin (p.j, cos (p,j 


^'j 
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(Tj^ , _j) DI. By the successive (Jl -1) of such rotations, we arrive at the coordinate 

system {oz' i > where all state variables are indistinct in time. 

The transformation of initial state coordinates into that coordinate system 
corresponds to the origin of new macrostate variables. An indistinctness in time of the 
state variables we call the state cooperation. Thus, during the model optimal motion, 
the problem of the successive states' cooperation gets the simultaneous solution with 
the identification problem. By the extremal conditions for information entropy, the 
pieces of the process extremals approximate the random process with a maximal 
information. That fact leads to optimal discrete (nonlinear) filtration of random 
process (within each discrete interval). The controlled discrete filter [1] passes a signal 
through only at the moments of the operator renovation, when the information 
entropy reaches a maximum. The device for uncoupling correlations selects the 
stochasical equivalent extremal states by applying the discrete controls, which cut the 
random process at the moment of reaching these points. The discrete filter provides 
the control and the selection of the above points, the formalizer computes and applied 
the controls. The uncoupling correlations is a part of optimal control using the 
nonsearch control device [12]. Let us consider the class of nonlinear objects, which 
model can be presented by the equation 
( 2 ) x^ = a^{xJ) = {x^ + v^),i ^ j,i,j = 1 , n, 

with the reduced control V. and the essential nonlinear operator, for example 



^<l>^ixj),8,<\6\<8, j 

a^{Xj)=\a^sign8,8^ <l6l<6o,}.,6 ={Xj{t)- X j(t)), 

where , 5^ , ^ 2 , 6^ are some fixed constants. For such objects, the identification of 
unknown operator Cl^{Xj) is possible, using i?(r) matrix at the Marcovian 



moments of uncoupling the time correlations, when the control V. =V. (X. ) fulfills 
the condition 

r,(T,) =2M,Ja,(x/T,))(A:,(T,) + ]=2 oi(^/t,))MJ(a^^ 
that leads to selecting the nonlinear operator from of the sign of mathematical 
expectation. By substituting r^(T.) and r.(r.) = M^. [{x.(r^) + V.)^] into R{r) 
we come to R(t^) =a^(Xj(r^)) . Fixing R(t^) simultaneously with X^(r^) , we 

restore the unknown nonlinear operator. Solving that problem is possible by applying 
the optimal control, minimizing the proper functional and giving rise to the 
hierarchical cooperation. The illustrative examples are considered below. Equation (2) 
is associated with the model of superimposing processes with an additive Hamiltonian 

n 

h-Yh.h, =a^(Xj) of the interacting processes that satisfies the following 



dx. 



^ 0,i 



7 - 



condition 
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The condition of consolidation:aj(;c^(T,))=ay(^;(T,)) defines the operator of 
cooperative model. The corresponding macroequations follow from the equations: 

yv yv 

■^ = i, H=M\H], X = M[X\. 

^X^ ‘ ^x^ ' " 

Example . Let us start with a stochastic equation of the second order as a microlevel 
model of object at the time interval s=(0, ): 

dx^{t,-) = a^(t,x,,u)dt+o^^{t)d^^{t,-)+a^^{t)d^^{t,-),x^{sr) = x^,. 

The task at the macrolevel is given by a constant vector x/ = JC* Vf £A , X^ , 



which is chosen at the beginning of coordinate system (0 X 2 ).Then X^=X^ . 

The macrolevel model, required the identification of the matrix , is 

= \^(t)(Xi{t,-)+Vi (f,-))+A2(0(^2 (?,*)+V2 (?,*)). 

•^i(‘y.')= ^1.. V, =-2x^ , 

x^it,') = (no +Vi (f,-) >+42(0 (^2 (^-) +V2 (f,-) ),x^{sr) = ;t 2 .- 

reA° , A®=(o,Ti)U(Ti,t), a = A°uou Tj ut ,Xp(t)=4(t)+p,(t). 

, , AvAz 

X,={2bJ^A,ix,+v,),A,=r,r:\A(t)= = wr ^ ’ 

, 1 + a\ 2 ),(a uo-^i + o izo^A 



lr21’^22|| ^||(<^ 11^21“*“ ^ 12CT22)’(^ 21 + <^ 22)|| 

“ (M[4(^i(^>-) + Vi(^,-))]),(M4(^2(^-) + V2(^-))])r 

(M[(^2(^-) + V2(f,-))(^i(?,-) + Vi (?,•))]), (M[(^2(^>-) + V2(^,-))''])|| , 

\jVWoi^^x)dx,x= x^,t^[o,xA 

ir- {x^,x)dx,x= x^^,t^{x^,T)\ 



The object observation is a discrete time process with the elements of , as the 
piece-wise constant functions of time that are fixed within each of two discrete 
intervals [0 ,Tj),(Tj, 7"]. The identification problem consists of restoration 

A(?)Vf G(Tj,Z') by the known ^^(t), using the model's solution as the 

model's object under observation. 

Let us consider solutions (1) for given initial matrix 




226 



Variation Principle 






Figure 3.12 (a-d). The phase picture of the dynamic model in the initial coordinate 
system at the first discrete interval. 





Figure 3. 13(a-d). The phase picture of the dynamic model (a-c) and the relation (5)(d) at 
the second discrete interval after transformation of the initial coordinate system. 
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-2,-3 

A(-0)= _2 _ 2 q . and ^, + V, = 3 ;, at [ 0 ,Tj) interval: 

hit,-) = +a22>'2(^-)-)’20=- ^20> 

A(+o) = f"’^‘' =- A(-0)=4Vre(o,Ti), A(+0) = 

IP 2 1,^22 

11 - 

Aj 2 = -5^A(-0) ±((-5^A(-0))" - det A(-0))" , A®=- ll, A°=- 1; 

= «iiexp( 110 . lla,j=2a„+3ai2,Ji2(0 = «i 2 exp( 110 . 

Ilaj2=3aj,+10aj2, 

def 

^ 21(0 ^21“^^2l"*'^ ^22 ’ ^11 “ ^12^ 

def 

3 ^ 22 ( 0 ” ^ 22 ^^P (0 » ^ 22 ^ ^ 21 "^^^^ 22 » ^ 21~~^’^22 “ 

The fundamental system and general solutions of (4) have the forms: 

Jii( 0 ,yi 2(0 _exp(110,3exp(110 x,o 
yift)^yiiit) ~ -3exp(H0,exp(O ’ 
ji (/, .) -Cl exp (1 10 - 3 Cj exp (0 , 
y^ (t , .) ^ Cl exp(l 10 + Cj exp(0 , Q , C^ E{R\p{R^ ),Po) . 

using the following initial conditions and the constants: 

Cj— 3(^2=— JVjQ , 3 Cj + (^2=— Jt^20» ^1 ^(•^10'^^ •^ 20 )’ ^10~ -^2o)' 

The solution of Caushy problem leads to the relations 

y^(t,-)=- 0 . 1 [^io(exp (110 +9exp(0)+3A:2o(exp(110 - exp(O)], 

yj(O-) =- 0.1[3Xio(exp(110 )- exp(0)+X2o(9exp(110 +exp(0)], 

|exp(l 10 + 9exp(0,3(exp(l 10 - exp(0)|| 
with (he fundamental matrix F, -I , , , , _ „ . , J . 

|3(exp(l 10 - exp(0),9exp(l 10 + exp(0|| 

Let us determine the covariation matrix and its derivative using the relations 
r, {t)=M[(x, + V, )(x, + vf > M[{y,y, f =M[ Y, y^ yj Yf]= 

=M[Y,XoxJ Yf]=Y,r^Y,, ro=M[XoXo^], r,{,t)=Y/^Y, + YjoY^ 
^a>ri(0+r/(0, r,(t)=M[x,ix,+vf I r,(t)=Y,r, Y, , 
rf(ty=Y/rjYf^Y, r,Y,, Ii{ty=r,{t)r;\t>Ii\t)=Y;^ Y,. 

As it follows from the last relation, the matrix/^ (?) does not depend on the 
probability distributions of an initial state vector, which brings important results for 
applications. The following equations establish the connection R^(t) with matrix 

4-A(+0)at(o,Ti): 17‘=(detFir'r/, 
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r *=0.1 



9exp(m) + exp(0,-3(exp(llr) -exp(?)) 

, det y=exp(12n , 

-3(exp( 1 It) - exp(l)),exp(l It) + exp(l) 



Dll, Z)j2 

Y * Y -D = 

• ' ' D D 



; Dii=2exp(12l) , 



£> i 2 =£> 2 i =^®^P( 1^0 .D22=10exp(12l) , 

jl 1 exp( 1 11) + 9 exp(l),3( 1 lexp(l 11) - exp(l))| 

Y, =0. 1 1 I . From this we obtain 

p(llexp(lll)-exp(l)),99exp(lll) + exp(l) | 



i^(l)=i^"(l)=(det Fi)-^ F/ F,=*exp(-12l) D = 



I 3 
5,10 



-A(+0), 



and the identification problem gets the precise solution by the observed matrix 
That distinguishes this method from the known identification procedures. 

Let us find the discretization moment of switching the optimal control using the 
relations 

Xi(Ti,.) ^ 1 iq exp(l iTi ) - 3C2 exp(Ti) 

-Vi(0,.)+ Ciexp(llTi)-3C2exp(Ti) 
x^ir^,-) 33Ci exp(llTi) + C 2 exp(Ti) 

-V2(0,-) +3Ciexp(llTi) + C2exp(Ti)’ 

Vi(0,.)=-2Xi(0,.), V2(0,.)=- 2 X 2 ( 0 ,-). 

(6)5exp(lll) - llexp(10l)+l=0, 1>0, 

that has the unique root s 0.7884. Application of the formula (1) also leads to (6) 



at the following parameters yi 2 =yi 2 = ~7=H. «=10/11, r]=exp{llt) 



This illustrates the independency of the discretization moment on a chosen 
coordinate system. We also obtain the eigenvalues at moments Ti and the final T : 

11,011 

0,1 1|| ■ 

If the initial matrix is positive, then the solution (2) leads to the equations: 

1-11,011 



In ^ 

Aj =A2 — 1 1, T=Tj + j — 0.851, A(Tj + 0) s 

K 



A(-0)= 



2,3 

3,101 



111,0 



A(+0)=A(-0),at A(+0)= 



. 



- 11 ’ 



Ae[0,Ti), yj(/,-)=Ciexp(-110-3C2exp(-0, Cj = 0 . 1 ( Xk ,+ 3 X 2 o ), 
3'2(^,-)=C2exp(-f)+3Ciexp(-110C2=0.1(3Xio - X 20 ), 

E xp(-llf) + 9exp(-f),3(exp(-ll?) - exp(-0)|| 
(exp(-ll/)-exp(-0),9exp(-110 +exp(-o|| 

By analogy we obtain the relations 
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llCjexp(-llTj) 

-Vj(0,*)+ Cjexp(-llTj) - 3 C 2 exp(-Tj) 
33Cj exp(-Tj) + Cj exp(-Tj) 
-V2(0,*) +3Cj exp(-llTj) + C2exp(-Ti) ’ 



and the equation for t= Tj : 

(7) 5 exp (-11/)- 11 exp (10/) +1=0, />o , 

that defines Tj s 0. 193, and the corresponding negative eigenvalues AJ = Aj s — 0.7. 
For the fulfillment of the condition of positive eigenvalues at Tj , we apply the 

In 2 

needle-sign control, that leads to A1 =Ai a 0.7 with T=0. 193+ a 1. 187 . 

' " 0.7 

By knowing the discrete moment, we can identify the matrix V/ G ( T, , J") at the 

new discrete interval by knowing initial matrix and using the relations 

6 ,3 

, /E(0,Ti), 

_ |exp(l 1/) + 9exp(/) - 20,3(exp( 1 1/) - exp(/)) 

K =0.1 

|3(exp(l - exp(/)),9exp(l 1/) + exp(/) - 20 

i^r + ^’2|| ’ ^0 Y, , r=- (Y, 

+ Yj^Y,), Y=- Y,, rir^)=2Y{r^)r^Yir^)=-2Y{r^)r^Y(x^), 
r,-‘=F;‘ro-‘F;\F;‘=(deti;)-‘F/, 



F*=-0.1 



Y -Y 

-‘22’ •‘12 



=- 0.1 



\-Y,,,Yn 

E exp(l 1/) + exp(/) - 20,-3(exp(l 1/) - exp(/)) 
■3(exp( 1 1/) - exp(/)),exp(l 1/) + exp(/) - 20 
dety, =exp(12/) - 2exp(ll/) - 2exp(/)+4; 

A(Ti +0)=^r(Tj)"‘, 



r(T, -0)=- F(Tj^y(T,)=-(detr(Ti))-‘y"(Tj)y(Tj); 



-Y^Y=D = 



Ai’A2 - 

_ _ , Z)ii=2exp(12/) -2.2exp(ll/) - l.8exp(/), 
® 21’^22 



£>i2=Ai=3(exp(12/) - 2.2exp(ll/) +0.2exp(/)), 
Dj2=10exp(12/) - I9.8exp(ll/ -0.2exp(/). 
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Finally, the elements of the identified matrix are determined by the relations 

2exp(12Tj ) - 2. 2exp( 1 Itj) - L 8exp(Tj ) 

^ * exp(12Tj) - 2exp(l IT j) - 2exp(Tj ) + 4 ’ 

3(exp(12T^ ) - 2.2exp(l lT^ ) + 0. 2exp(T^)) 
exp(12Tj)-2exp(llTi)-2exp(Ti) +4 
10exp(12Tj) - 19.8exp(llTj) - 0.2exp(Tj) 

exp(12Ti) - 2exp( 1 ItJ - 2exp( Tj ) + 4 

with the numerical result for this matrix; 

111. 

A (Tj + 0) s 



+0)=42i(Ti +0) =• 
+ 0 ) = 



11.006,-0.0007711 11,011 

-0. 00077, II.OO 4 I 1 0,1 1|| 



Comparing both results for A (t^ + 0) we come to the conclusion that identification 

0( Tj , 7") with a high precision (defined by a computation accuracy) does not 
depend on a chosen coordinate system. The optimal processes on the second DI is: 

exp(ll(f - Ti))j:i(Ti,-) , exp(ll(f - r^))x^(r^,-), 

are different only by their initial states ( , •) , ? " ) )• 

The matrix A (T^ +0) is identified at opposite sign of the initial A (-0). 

The corresponding optimal processes is 

Xi(f,.)=(2- exp(0.7(- Ti))^i(Ti,.) , X2(f,.)=(2- exp(ll(f - 
with Tj =0.193. 

Let us build the phase trajectories of the dynamic model at both discrete intervals. 

At first, let us find these trajectories for the diagonalized system at t £ (0, ): 

dZi -A°i Zi , , ^ , , ZjCO,.) 

^0 lEiR , ±lil= p-. 

dz, -A 2 z, ^ 

The phase trajectories of that system (Fig. 3. 12) represent the l -parametrical family 
of the curves with a singular tangle-point in (0,0). The phase picture (Fig.3.12a) is 
turned over the angle ijj , that is defined by the transformations 

t os^,sin^ II 

Vfe(0,T.), G■‘=G^detG=l. 

-Sin COS ^11 

We come to the following equations 

|— A^i 0 

Z,=G X, , z,=G x,=G A{+0)(x^ + v^)=G AG^ (Zf+v,), GAG^ = 



-A°i,( 



Let us determine ip for the initial eigenvalues — A°i=ll, — A°2=l. 

We get the relations 

((GA)jjCos^ +(GA)j2sin^),(-(GA)jjSin^ +(GA)j2Cos^) | 

((GA)^! cos ^ + (GA) 22 sin ^),(-(GA)2iSin ip + (GA)22Cos ^)i 



gag = 
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(OjjCos^ + ajjSin^),(a22sin^ + Oi^cos^) 
(-OuSin ^ +a2iCos^),(-Oi2sin^ + o^jcos^) 



ajicos^ ^+aj2sin2^+a22sin^ ^=11, 

and the equations for obtaining the above angles 



— (a^2 - o^j)sin2^+aj2cos2^=0, a^^sin^ ij) - a^^sinltlj +a22Cos^ 
2 



tglip =2 — — — =- 0.75, 
^22 “ ^ 1 



1 



0^ 



Ip = -arctgl- 

2 0^2 — 1 



kn 

T’ 



k=0,±l,±2 ,...i/»i='^lj^oS , ^2=^l;t..iS-0.6;r. ip^='ip\^^^s OAjc . 
From the same equations we get 
COS2V,. <“-,‘><'^--‘'■■>.,-0.8. 

(20i 2) +(a22-Oii) 

which leads to the equivalent expressions for , because of the fulfillment of the 
equality COS^2^ = (1 + /g^2^) \ 



The phase picture in the initial coordinate system (0 ) is given on Figs. 3. 12b-d. 

For building the phase trajectories at the second discrete interval, we will find the 
phase picture of the relation (5). We have the relations 

( 8 ) U ^^ X -^ + V X2 + ^ i2(-^2 "*"^2 )*^2 ~^ 2l(*^l "^^ 22('^2 ^ 2)’^1 »^ 12 “^ 21 » 

f 2 ' ' 2 ' ' ' ' 

Cl llX l-i-2,Cl 12Xj^X2~i~ Cl 22 X 2 -t-2, Cl 13 Xj^ +2 Cl 23 X 2 Cl 33=0', Cl ll=Cl2j^f 
ai2=ll2(a22- ^ii) ,ci 22=- a^2. ai3=l/2(a2iVi+a22V2) » 
a 23=- l/2(a2iV2 + ajiVj), a 33=0. 

The line’s equation (8) of the second order, after transferring the beginning of the 
proper coordinate system into the hne's center, acquires the form 

aii(x i)^+2ai2Xi X2+a 22(x2f +—= 0 , 

h 

where x= X^ + X^ , X^=(X^,X 2 ) are the initial coordinates of the system (0 X^ X 2 ) in 
the coordinate system (0 X^ X 2 ), that satisfy the equations 
anX^+ai2X2+Cli3 =0; 



a 12X^ + a 22 X 2 + Cl 23=0, l2=^ 



^11^12 


=det 


CI 12 CI 22 





^2’^ / 2(^122 ^11) 

1 / 2(tZ22 “ ^1)5 “^2 



=inv, /2=-25, 





ai\a\ 2 a 13 




3 , 4,1 / 2(3v, + lOv,) 


II 


a\ 2 a 22 a 23 


=det 


4,-3,-l/2(3Vi +2v^) 




CI 13 C 1 23 CI 33 




1 / 2(3vi + lOVj), -1 / 2(3v, + 2 v2),0 
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/g = — 1 / 4(33 v^+327v^2+196Vj V2)=inv, 
•^=_ 0.01(33 v^ + 327v^2+196Vj Vj ). 

After a trivial simplification, we get the equations 



a +a i%{x^)^+ — =0. 



^ d Cill 
Ctg2 ^= — =0.75; 



\X, 



|cosi9^,sini? 
-sin i9’,cosi? 



2a 



12 



L=inv<0; l 2 =dct 



a iia 12 



=det 



a I 2 d 22 



|^ii0|| „ „ 

I „ =aiia22<0, 
|0a 22 I 



. . ^ ^ an - a 22 ^ ^ 

a n=ai2Sin2i7 + coszij, an>0, 

2 

” • dll- d 21 ” 

a 22 =- ai2sin2i9^- cos2i9^, a 22 < 0 . 



At <0 we obtain the canonical equation of hyperbola with respect to the real 
axis (0 ) and the imaginary axis _ (0 .;C 2 ) (Fig.3. 13a): 

(9) 



jxy {xif 

/ 2 a 11 -a 22/2 



— =1. 

)-2f 



At /3>0 we come to hyperbola with respect to the real axis (0 X 2 ) and the 
imaginary axis - (0 X ^ ): 

{xy__ (xy 



(10) 



I - _/ i 

l^a 11 —a 21 I'' 



=- 1 . 



* 2 *^ A A ^ ^^2 

At 73=0 we get a couple of the equations that satisfy to the coordinate points, 

located on the straight lines, representing the asymptotes of the hyperbolas (9,10) 
(Figs. 3.13b,c): 



( 11 ) 



1-^ I-""’!- 1 

(— 

dll -d21 dll -d21 



-=o. 



r=o. 



On the coordinate plane (0 X^ X^ ), the phase picture of the relation (5) represents a 
couple of the conjugated hyperbolas with the asymptotes, defined by the equation 
(11), and the saddle singular point (0,0) (Fig.3. 13d ). The phase trajectories of the 
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dynamic system at the second discrete interval, after switching the control, are 
determined by the equations 

/ E( Tj , r) , (t, •) = AjCTi + 0) (t , .) =X\ {t, •) , X\ ; 

^ = ^,y,=±\C\y„CEI^, 
dyt j2 

±\G=— — ■ — =— — ■ — ;X, + V.=— — - — (JC, + Vj). 

A family of straight lines of the parameter • ^ at / E( Tj , T’) , 

x^ir^,') 

represents the phase picture according to the equation: 

(12) X,= [ x^. 

The phase picture of the equality 

.... 

(13) — -=— fE(Tp7) 



has the form A2 ('^i + 0) (Tj +0)a:j (/,•) = + 0 ) Vj (Tj +0);C2 ((’•) ’ 



■^1 = 



Xi(r,r) 

XziXi,') 



At the second discrete interval, the phase pictures of the dynamic model (12) and the 
relation (13) coincide. Because of this, their relative phase speeds are equal at 
f G(Ti, 7") , when the dynamic system’s the differential constraint, following from 
stochastics, is imposed on extremals. The comparison of the Figs. 3. 12, 13 for 
(12,13) illustrates the geometrical interpretation of the constraint action. At the 
moment of applying the control, the phase pictures of the dynamic model and the 
relation (5) coincide. That leads to the renovation of the matrix A (t^ + 0) with 



respect to the matrix A (t^ - 0) , and it creates the new model's pecuharities. 

Finally we get the hierarchy of the model's eigenvalues and T (Fig.3. 14). 

Let us determine the jump of the phase speed at the discrete moment: 

5i(Ti,.)=i(Ti +0 ,-)-x(Ti -0,.)=-A (Tj +0)- A (Tj -0)(x (r^,-)+Vo)= 
=-(A (Tj +0) + A (Tj - 0 ))x (Tj,*)+2A (Tj -0) = 



=[- A (Tj +0)+A (Tj -0) F(Ti)+2A (Tj -0))]jCq . 

1, dxAx.J) 

Remark. The values m. = lim - In define the Liapunov's indicators (as 

an averaged speed of the exponential divergence of the nearest trajectories), whose 
positive sum is connected with Kolmogorov's differential entropy h^ \ m . . 
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Figure 3. 14.The hierarchical structure of consohdation, formed in the optimal process. 




Figure 3.15. a). Dlustration of su mm ing both eigenvalues at DI, when they have 
equal dimensions n-k=m, b). Optimal control for Boundary-value problem. 
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For the classical integrated H ami ltonian systems, all indicators equal to zero and 
= 0 * . From the phase speed's expressions and the 



the previous relations we have A (t, + 0)+ A (Tj — 0) s 



14,6 II |13,3|| _ 14, 



113,3 

pM' 



6 

20 =^= 



1 =2.2exp (11 Tj )+l0.8exp (Tj ), Ki 2 -K 2 i- 6 . 6 exp (11 Tj )- 3.6exp (Tj ), 

^T22=19.8exp(llTj)+1.2exp(Tj)- 22. 

At Tj =0.7884, we obtain the following K numerical results 

E 2848. 65,38532. 75 

8532.75,115602.66 ’ 

that detennine the values of the jumps: 

rii 

(Ti,*) =51381.4, 6X2 (Ti,-)= 154135.41 at Xq= ^ . 

For the solution of the consolidation problem, we turn the initial coordinate system 
on angle (p to find a such coordinate system (0 Z2), where the optimal processes 

are nondistinguished. Using the relations for consolidation, we get 

q)^ 2 =(p=arctg(— -)+kJT,k=0,± 1,±2,..., 

X2(Tj,.) + Xi(Tj,.) 



Ci(Tj,.) p839. 294, 1751 1.881 [1] p3351.17 
f2(Tj,.) " 17511 . 88,52537.661 1 "p 



0049.54 1 



T(Tj,.) = 



46698.37 

andtheangle Q?=arctg +k;r s arctgO.S+kJT , ®L „ s0.1472tc. 

93400.71 

The considered results explain the procedure and the numerical solutions of the joint 
optimal control, identification and consolidation problems. 

Example . Let us illustrate the reduction of the vector's X. } dimension by using 
the DC equation, applied to the entropy square-approximation function: 

n 

A S{x,t)=- ii2x^ h(t)x, Sasi d x^=-^h^^ x,^ d XJ d x^ > 

The DC for this function acquires the form of the system's equations 

n n 

2(- h=r~^ , i,k=\,..„ n, 

7=1 m=l 



where n variables of { Tj } are connected by n equations in the form 2X^^ -h^^, and 
the considering equations: 2 X^=2X^ X^=h^^^=hj^ are connected by the 
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2 

m^n — n)l 2 constraints. It is just m constraints requires for the pair-wise 

connection of all the n variables C^=n{n - l)/2, 

which leads to the hnear dependencies of all the macrovariables(at finite 

'^n when DC is imposed on all information forces , and the number of 

independent coordinates { } is reduced to ^ =1). 

Solutions for a singular macromodel 

The equation of extremals is structural stable at the non degeneracy of the Hessian 



matrix T = 



dx^dXj 



n 

. At the execution the DC equation (1.4.14) with 6-0, at 

w=i 



the discretization moments, this matrix: 





has a 



determinant equals to zero. Because of that, the equation of extremals is a structural 
nonstable at all the field points where e=0 .The DC equation can be satisfied with 
some accuracy e that becomes a minimal, using the accuracy's estimation by the 



n 

measure pi{ ^) = ( ^ {Mei) 



) =0, which acquires the form 



M[d X I dx +2X X = O (for (1.4.14)). This condition corresponds to 

a probabilistic closeness of the macromodel solutions to the local minimum with the 
above measure. For these relations, the following joint equations are satisfied: 

A(T)=-b(T)r;\T), A(T>=r;‘(T)ri(T) with b(T)=- r^ (t). 

A positive determinacy of the matrix b(T ) is fulfilled only at such discrete moments 
where (T )<0. For the control v(T)=- 2x(T), at the moment (T - 0) preceding the 
control applying, we have the identification relation 
A(T - 0y^r~^(T - 0) Tj (T - 0) with b(T - 0) = (T - 0). 

This means, at the moments of imposing the DC, and b(T)>0, the renovated matrix 
A(T )>0, and the renovated states x('v) , satisfying the equation x{r) = A( t)x(t) 
are the local stable. The macromodel's bifurcation solutions appear at the renovating 
moments. The condition b(T )>0 corresponds to positive determinacy of the proper 
functional. At the physical level, this leads to the fulfillment of second law. 

Using the previous relations, we get M[a^( T - 0)(.T + V_ )^ ] =b( T -0), V_ =V (T -0) 
that connects the drift and diffusion at the DC imposing. Thist means, the diffusion 
processes (through the fluctuations) is able to control the flows (as the macrostate's 
speeds), and vice versa, the kinetic phenomena could be sources of stochastic 
processes. For these relations, we have die macromodel: 

X = r^^(X+V), X=- 1/2(X + V) with the Hamiltonian forms: 

H(T - 0)=(-^+ V (T - 0)) ^ (T - 0)(2rj (t - 0))"‘ r^ (r - 0)(x{r - 0)+ 

+ V{T - 0)), and 
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H{X- 0)=M[H(T - 0)]=- l/2Spr;‘(T - 0) Tj (T - 0)=- SpA(T - 0); 

X =A(T+0)(JC+V), A(T+0)=l/2/-(T-0)r'\T) ;r(T)=i(T-0>=r(T+0). 

The corresponding mathematical expectations: 

M[i(t) X ^(t)]=l/2r (T - 0)r~\x)M[iix(t)+vix+0))x ^(t)] 
at ^ T , define the equations 

r (T+0)=- r (T-0)r"^T)t(T), r (t+ 0)=- r(r~0), 
with the equation of extremal 

X = - ll2r (r+0)r~^(r+0)(x+v), t^ r+0. 

At the locahty of discrete moment at ^ = e 0 we have 

(( X (t)+ V (t))X ^ (t)= - E/2, from which we get X (t)X ^ (t)= - (X (t)+ V (t)) (t), and 

at t=T+0 wearriveat jf (T+0)X^(T+0)=;r(T+0) A (T+0). 

Using the equation's solutions at V (s)= -2(X (s)), we can write the relations 
b(T - 0>=- M[ i: (T - 0)(JC(T+0)+v (s)) ^]=- 

M[A(r - 0)exp(A(r - 0)(T - 0))JC(s) JC(s) ^exp(A^(T - 0)(T - 0))]=- 

=-A(r- 0)exp(A(T - 0)(T - 0))r^ (s)exp(A ^ (t - 0)(T - 0)). 

From whence, the condition b(T-0)>0 corresponds to A(T - 0)<0, i.e. leads to 
stability of the macrolevel process. The phase speed: 
i: (T - 0)= - A(T - 0)(T - 0)) X (s) at X (s)>0 

is positive, and at X (s)<0, is the negative one. After the control switching, the phase 
speed: X (T )=-A( T)X{T) changes the sign, because of A(T )= - A(T - 0)>0. 

According to the relation b=- Ar ^ , matrix b(T) changes the sign simultaneously 
with A(T ), and it is accompanied by changing the phase speed's sign (at the positive 
X (s), X (T )). That leads to the fulfillment of the relation b( T ) = - (t )=l/2r (T ). 

Considering together the equations 

X=(2Z?)”‘(JC + V)and(^ + V)X^ = E/2at e ^ 0, we come to 
E=(^+vX^+v)^r;^ . 

This leads to (x - 0) =M[( jc(t-0)+v(t-0)X-^('T-0)+v(t-0))^]^ 
-*(x(x- 0)+v (x - 0)Xx (x - 0)+ V (t - 0))^ 

at the locality of the discrete moment. Preservation of the b positive sign at new 
discrete interval is fulfilled by applying the "needle" control at the moment T , that 
changes the sign of A(T+0). This brings not only the fulfillment of the initial 
hypothesis regarding the b sign, but also the possibility to avoid a local nonstability 
at the locality of T , and insure the stability of the dynamic process at whole time 
interval. 

An extension of the IMD optimization methodology 

The IMD approach leads to a solution of both the optimal problem for information 
functional and the Caushy (Boundary-value) problem for a many-dimensional dynamic 
object. Comparing with Bellman's method of dynamic programming, the IMD 
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achieves the solution of "bottleneck"-dimensional problem by a successive 
consolidation of the model's dimension into a single upper level node of the IN. 

Some optimal problem contains strong limitations on the admissible value and total 
number of external control [/ GQ . 

Let us outline a solution of this problem. Suppose there is only one external control 
U, limited by its maximal value GQ for an initial n-dimensional macromodel 

with a given spectrum of eigenvalues A= {A.^} . The model control function U =Av 

yv 

can be found for the final discrete interval (DI)( T^): U (t„ 

can be reduced to an admissible external control , using a simple control 

relation -k U {t,X ^ ), where the coefficient k -U^lU is applied to all model's 
controls at each DI. We obtain a new sequence of the model controls 
U. = . V. J= 1, . . . , W . To get only a single external control at each discreet interval 

we need, at first to find the vector sum of these controls 

U* = = kX^v^,i = 

q 

at each discreet (where ^is the number of different A- for each discrete interval), and 

then to find the equivalent projection of this vector into a such coordinate axis, where 
only a single external control could be applied. Finally, we get the sequence of one- 
dimensional external controls U.(t,X.), applying at each DI as an equivalent of the 
IMD model's controls. To limit each of these controls (from the sequence) by the 

yv 

maximal value , we can use a new coefficient k.-U^I U. at each DI, finding the 
admissible one- dimensional control U^ = U^ • L^t us outline the solution of 
more general optimization problem with a given performance functional in form 

I = jF{x,x,t)dt . 

Suppose we formulate this problem as a sequential solution of two variation 
problems: the Euler-Lagrange problem for functional /, and the IMD optimal 
problem for the informational functional S. This assumption will join the classical 
variation problem solution with the IMD solution of the consolidation, and the 
Boundary- value problems. Both the extremal systems (Euler-Lagrange equations for I 
functional extremals, and the IMD optimal macromodel), in the diagonal forms: 

X. = X.X . , i-l,...,m , X. = X.X . , i=l,...,W , generally have different dimensions n 
and m . By transforming the extremal's equations into Hamiltonian forms, we may 

reduce the corresponding Hamiltonian H to the form, similar to the information 
Hamiltonian 

n m 

i=l i=l 

Assuming an additivity of these Hamiltonians, the resulting Hamiltonian for both 
optimization problems H^=H+H presents a sum of corresponding eigenvalues. 
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Applying of this condition consists of algebraic summing of the corresponding 
macromodel eigenvalues with the analogous eigenvalues of the Euler equations, 
which have the same dimension. Fig.3.15a illustrates summing both eigenvalues at 

such DI, when they have an equal dimension n -k =m (a^, . The above 

summing will change the moments of discretizations, internal, and external controls. 

This procedure also helps to avoid the complications, connected with Bellman’s 
dimensional problem. 

The main difference consists of finding the specific discrete optimization intervals, 
defined by model's and performance's functional eigenvalues, comparing with the 
arbitrary DIs for other optimal methods, that use a discrete approximation. 

Example. Let's illustrate the solution of Boundary- value problem for the object's 
equation 

(1) z= A(z + m), 

reduced to the diagonal form by considered transformations: Z= Tx,A = T ~^AT . 
The problem consists of transferring the equation's solution 

(2) z(0 = exp(A(r - t))z(t) + (exp(A(/ - r)) - \)u 

from the initial condition z( = s) -Z{s) to a given final state z( T) =0 by applying 
the optimal control U = u{s,t) . According to previous results, the control is 
represented by the piece-wise constant function of the state vector z(s,r)=z(T.) 
with the values at the control's discrete points T = {tJ , and some coefficients of 
control's amplification p = {wj: U = pz{s,T). Matrix A is a piece-wise constant 
function with the eigenvalues at the DP's control's T ={tJ: {A-}, which are 

identified by corresponding correlation functions r(t) by the relation 

(3) /?(0 = 1 / 2r{t)r~\t),R = ||/^||,r = \r^\\, r(t)^M[z{s,t)z^ (s,t)] 

where z(s,t) is a solution of (1) at the corresponding time interval . 

The amphfication coefficients should be found from the condition 

at an unknown sought final moment T . Consider the solution of this problem for a 
maximum of three discrete intervals (i = 1,2,3 ) for the equation (1)) by applying the 
following controls at the sequential discrete points (Fig.3. 15b): 

(5) Wj = -2z(s), + 1)^1 ’ ^3 = • 

The eigenvalue within the first discrete interval is identified by the relation 

(6) R^(t- 5)=-Aiexp(Ai(/- 5))[(2 -expAj(r 

Ry{s - 0) =Aj , i?, (5 + 0) — Aj 

and within the second discrete interval we get 

(7) (/ - (5 + Tj)) =A^ ((? - ( J + Tj)) = 

=Ai[l - 2(2 - exp(AjTj)'^]exp[A 2 (/ = {s + Tj)] x 
X { exp[A 2(?-(5 + Tj)](1+jUj)[ 1-2(2 - exp( A j Tj )‘ ‘ ] + 
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+ [2(1 + |U j X 2 - exp(AjTi 

From that, at the moment ^ = (5* + T^) we get (5 + Tj) =A2 = [1 - ^ . 

The last equation identifies the second eigenvalue as the function of the control 
coefficient. 

The eigenvalue at third discrete moment t = S + + identified by the relation 

(8) /^(j + Tj + Tj + 0)=A3 =Aj [1 - 2(2 - exp(AjTj)”^]exp[A2(T2)] x 

X {(1 + jW3)[exp[(A2T2)](l + AtjXl - 2(2 - exp(AiTi)’^]+ 

+[2(1 + fxj,2- exp(AiTi)"^ - jUj] . 

Let 

jU 2[2(2 - exp(AiTi)'* - 1] + 2(2 - exp(AjTj)'* = /3[1 - 2(2 - exp(AiTi)"^] 
with P = “[/^2 2exp(“AjTj) . Then formula for A3 acquires view: 

(9) i- 

(1 + A*3){[exp[(A2T2)](l + P 2 ) - U^I +(2exp(-AiTi) ]} 

and the solution of the equation at the last discrete interval is 
Z{t- (5 + T, + T2)) = [exp(A3(f - (5 + Tj + T2))(1 + Pj)- Ps]z(s + Tj + r^) 
This solution reaches the final state z(7" = 5 + + T3) = 0 if 

(10) exp[A3(r-5+ Tj +T2)]=jU3[l + ^]'^ . 

The equation (9) has a solution only at 

(11) [exp[(A2T2)](l + P 2 ) - K + (2exp(-AiTi)"^] >0. 

Indeed. At f>l^>0 , we have jU3[l + jU3] ^ <1 , and therefore 

exp[A3(7" - S + Tj + T2)]<1, from which A3 > 0 , and at the condition (11) is 
fulfilled because Aj < 0, 1 + /i3 < 0 . At ^13 < -1 < 0,fJl^[l + > 1 we get 

exp[A3(r -5'+ Tj +T2)]>1. 

From that follows A3 > 0 and the fulfillment of (1 1) because A^ < 0 , 1 + jU3 > 0 . 
By utilizing the condition (11) we get : 

(12) jU2(exp( A2T2) - l)exp(A2T2) - 2exp(-A^rJ > 0 , 

(13) ;U2(exp(A2T2) - 1) > exp(A2T2) - 2exp(- A jTj) . 

Let P 2 < “1> ^2 1, then the relation jU2(exp(A2T2) - 1 is 

a negative at jil 2 > 0 , or a positive at — 1 < **^0 and cannot exceed 1. 

The relation 2exp(- A^Tj) - exp(A2T2)>l, and therefore the inequality (13) 
cannot be true at < -1- Thus fA >2 < -1, A2 > 0, 

(14) exp(A2T2) > 1, 0 > ^ > [2exp(-AjTj) - exp(A2T2)Iexp(A2T2) - 1]’* 

This means 2 exp(- AjTj) - < 0 , exp(A2T2) > 2exp(-AjTj ) , 

exp(A2T2)> expln2exp(-AjTj), >ln2- X^T^ , 

Aj[l + jU2]'^T^2 >ln2-AjTj. 
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J“2> 

i“2> 



2exp(-AiTj) - exp(A;Tj 



expCA^Tj) - 1 

2exp(-AiTj) - exp(A 2 T 2 ) -1 + 1 2exp(- A jTJ - 1 
expCAjTj)-! expCA^T^)-! 

jU 2 <-l; 2exp(-AjTj)- 1>1, A^ > 0, exp(A2T2)-l>0. 

2exp(-AjTj) - 1 

The following condition: jU 2 > - 1 + > 0 contradicts to 

expCAjT^)-! 



jU2 < - 1 . This means 1^2 t)e chosen equal -2. Therefore we get 
(15) — Aj[l + ^3] , 

and at the initial Aj(5' = ^^) > 0 we can choose 2. 

Thus the optimal control in the form V = -2x{x) satisfies the considered Boundary- 
value problem. Applying the optimal and/or an appropriate needle control leads to the 
solution of this problem. The IMD model reflects the nonlinear structure of an object, 
whose dynamics and structure change in the process of functioning, with the 
possibility of sequential adaptive control and identification at each model's time-space 
interval and the level of hierarchy. This also brings a constructive integral measure of 
current information, which evaluates both the observation and modeling and leads to 
direct computer implementation. 



2.5. The Decision making processes in the Utility Theory 



A typical problem in the Utility Theory contains a given initial states (0) GQ , 
/=1,...,W, a set of admissible actions with these states 
DI = Dl[x.{0),t,^,u] GZ), which depend upon randomness ^ and the 

control function U =u{t, t) that determines the actions. The last calls also the set of 
decisionmaking alternatives. The criteria I={Ij},j should be also 

defined for all actions by assigning to each Z)^ GZ) the corresponding k numerical 
identificators Ij =Ij [Dl ] that evaluate the action of transferring the given state 

toward a point of the n -dimensional space of outcomes I j [7^] -Ij ] . 

With each action can be put into accordance the probability of transferring 
Zf = Pi{Dl or the probability of the outcome ={P^(Z^[r]G5^)}, 

where the sets (^ , ) GQ are assumed to be given. 

The problem's solution consists of constructing the utility functions that allow to 
a decision making person (DMP) to range the outcomes by their preferences for the 
DMP and based on that to choose the alternatives. The best is an alternative 
possessing of a maximal expected usefulness. The utility theory, including the 
condition of existence and unicality of utility functions is considered in [7,8]. Static 
and dynamic models of decision making are studied in [9]. According to [8] 
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mathematical expectations of probability ^ forms the expected value of 

the utility function IT = {H^}, applying for ranging of the actions. Construction of 
the utility functions includes forming the criterion and limitations, identification of 
D\ , y , Pj (or their expert measures), coordination of the values of the 

utility function for most I^[T] and for a least Ij [T] desired outcomes, for example, 

using the condition n{/J [r]} = 1 , n{/^ [7"]} = 0. Constructing many-dimensional 
utihty functions requires a condition of their independence by the value. In this case, 
the utility fimction is approximating additively via the summing of Kj single- 

j=k 

dimensional utility functions: II Kjllj . It requires choosing the weight 

coefficients Kj that characterize the ranging the outcomes for each criteria. 

Exchanging criterion in the many-dimensional problem with the criteria for a single- 
dimensional problem is an effective method of the problem solution [7]. This method 
brings an indirect evaluation of the equivalent outcome in many-dimensional problem 
by means of a single criteria. A possibility of the criteria exchanging arises at the 
points of equalization or equivalentness of the outcomes defined at the "nondistinctive 
curve". Building the border where the outcomes from each criterion are equivalent is 
the important aspect of the many criterion problem solutions. Forming the criterion 
and their hierarchy is a subjective procedure by its nature. The expert's (DSP) utility 
function usually is a unique one which is built through a synthesis and unification of 
the utility functions for many other DSPs. It corresponds to a many-criterion's 
decision problem that is made by one DSP as an expert using a single utility 
fimction. A mathematical problem of decision making can be formulated by the IMD 

controlled = x{x{0)JyU{t,r),^^} and the corresponding standard 

processes = ^^{^0),^, defined in the probability space (P,Q,X) . The 

probability density q = {qMi = - Pi < i^i GfiJ. =i^( xj EB^ 

) takes into account the connections between trajectories xj , X- and is used to define 

the local functional of interactions = ~ In qr . , co . => /. . For a given decision 

making model, the transformation is defined by solutions of the model's 

equations that depend upon the control: X^ = Dl{x^{0),t,U.(t,x), Each 
strategy, selected by the control's alternatives, corresponds to a probability measure on 
the set of outcomes. Functional AS -M^[(0.] unites and averages the local 

funactionals at the trajectories with P. and characterizes the functional of a many 
criterion's problem. The condition AS^ =max [— In / P. ] determines a maximum 
of transmitted information from the set of processes { } to the set of processes 

{x. }. Moreover A*S^ represents an informational form of the utility function that 
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utilizes the contributions from interactions. The utility function brings a maximum 
to the conditional probability of the outcomes that belong to the J5^ -set, which is 

established by the DMP. According to the IMD formalism, the -set can be 
determined by the X^(x) actions, characterized by the maximums of the local utility 

functions (O^ = CO^(t) . The considered actions, forming by an expert, are the 

extremals of the eigenfunctional and deliver maximum to the conditional probability 
at the trajectories. The logarithmic form of the utility function is useful for an 
additive evaluation of local . As it follows from [7] for ranging the outcomes by 

their preferences < C 02 (^ 2 ) <••• necessary only to coordinate 

the utility function values IT ^ for the desired and nondesired (O outcomes, 

that leads to establishing the utility scale by preferences. In this theory, it requires to 
choose the corresponding probabilities by such a way that the maximal probability 
will be assigned to the outcome, characterized by a minimum value of 
eigenfunctional. Because this condition always can be fulfilled, the maximization 
problem for utility function is reduced to minimization problem for entropy 
functional or its function of action S. The conditional probabilities, defined on above 
processes, acquire the numerical values of the eigenfunctionals at the corresponding 
extremals. The optimal dynamic model (OPMC) determines a particular optimal 

trajectory for each local functional 0)^=0). (t) with the Hamiltonian = A.(t). 

The corresponding utility functions are the additive ones at the DP moments of 
equalization of the eigenvalues X.(r.)=X j{r.) when the local functional are 
statistical independent. The exchange of criterion is possible at these moments. The 
control’s switching line = a\x. = inv , along which the outcomes JT. (rjate 

equal probable, is analogous to the mentioned "non distinctive curve ".The problem 
structurization that leads to the reconstructing of the optimal model's hierarchy arises 
automatically during the solution process. Optimization of the utility function leads 

naturally to the processes' ranging, characterized by a sequential ordering . 

The condition of maximum usefulness, defined by a negentropy maximum, is 
expressed by the maximum of the H-function considered as the utility function [10]. 

The H-function depends on a subsystem structure, its value determines the 
negentropy transferred to other subsystems, as a measure of a useful utilization of 
initial information, which can evaluate the information valueness [10]. The introduced 
MC functions, assigned to each utility function, classify the OPMC models 
depending on their informational usefulness. This creates the preference scale for 
decision making processes with deferent utility functions and complexities. The 
following problem statement can also be formulated. It is given or selected by a 

preliminary analysis some sets {Bj}&B as a class of situations to whom could 

belong the actions {D^} with initial states { X. ( 0 ) =X. ( 0 ) }. Depending upon chosen 
control {w^}, any of these k of total n actions could belong to each of these 
sets. By an expert's evaluation, can be determined the probabilities to belong the 
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above sets before t=0, (0) and at any t = % moment after 

applying the control: Pj = Pj (x. (u.{x))^Bj) . 

The problem is to find the effectiveness of the control functions according to the 
class situations from the condition of maximum for corresponding utility 

functions = max ) = M[-ln / PJ. 

^ uk^u J J J J J J 

This function reaches an extremum by finding for each {Bj}E^B an optimal 

number of controls K or the corresponding actions -D\ [X. (0) ]. 

The problem solution is possible in the statics and dynamics (for each t = T) 
without operating with the evolutionary equations, if the initial probabilities are 
known at any fixed moment T . The micro- and macrolevel's differential equations, 

identifying , lead to finding Pj without using the expert evaluations. 

The IMD differes from traditional decision making methods by the optimal dynamic 
procedure of forming and prediction of the alternatives for a multi-criterion’s problem. 
It requires a strong problem formularization that possesses a universality of the 
quantitative evaluation and the method problem solution for the random process of 
different nature. Fig. 3. 14 presents an example of decision making, based on 
methodology ch.3.3.4. 

2. A REVIEW OF THE IMD PRACTICAL APPLICATIONS 
2.1. Intelligence Systems 

Revealing general systemic regularities of human cognitive mechanisms, expressed 
in information form that are independent on the object's specifics, represents a very 
actual scientific problem. An important attribute of this problem is the information 
modeling of organizing and assembling information accepted by a human being, 
which is an essential for understanding a human cognition, analyzing behavior, and 
designing artificial systems; but this still remains an unsolved problem. 

The essential cognitive problems consist of: 

-selecting the most informative set of some facts that convey and preserve the total 
quantity of extracted information; 

-building the hierarchical coimection of the facts that reflects the meaning of this 
information. 

We explore the IN's model and mechanisms for the solution of both problems. 

The IN implements the IMD theoretical optimal strategy that had developed 
mathematically before the IN was drawn. 

A built general operator's transformation between the initial information strings 
and the IN's nodes-code, considered as an autonomous tool, can be applied to 
different input distributions. This operator models the dynamic relations between 
the object's data and the IN's code. The identified IN's structure can model both the 
data syntax (as an attribute of data order) and semantics' (as an attribute of data 
meaning) relations within the object. Each component of this structure, represented by 
the triplet's cone position, acquires the quantitative and the qualitative information 
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measures in the terms of the DSS code. The IN can model cognitive functions not 
only at the level of neuron circuits (as the brain hardware), but rather at the level of 
"neuron software," representing an alternative tool to neural network. 

As a tool for the structural modeling of cognitive mechanisms, the IN includes: 

•the microlevel net of the neuron circuits' analogy, generated information for 
macrolevel 

•the macrolevel net of the macronodes as chaotic attractors for a structural 
representation of associative (correlated) cooperative activities (with uncertainty 
depending on the attractor's volume) 

•the time and space distributed hierarchy of informational dynamic processing; an 
ability to memorize the macronode's processing by a stored sequence of the enclosed 
IN's nodes 

•the hierarchical memory as an attribute of the IN dynamic structure 

•the formal inner decentralized language, generated by the IN's interactions and 

communications 

•an active acquisition and reflection of the environment with an ability to create the 
renovated dynamic structures of progressive growth 

•a self-organizing, adaptive mechanism which enables the evolution and 
preservation of robustness, stimulated by both external and internal interactions 
•an ability of the IN's for selective locations in different domains of the entire 
space, to distribute cognitive structure (depending on the IN's dimensions) 

•an ability to create both the dynamic and the static node domains, which are not 
dependent on time and/or space; a limited life-time of the local IN, defined by a 
number of enclosed nodes (after that time expires, the local IN is disintegrated 
automatically). 

an ability to create both the dynamic and the static node domains, which are not 
dependent on time and/or space; a limited life-time of the local IN, defined by a 
number of enclosed nodes (after that time expires, the local IN is disintegrated 
automatically). 

Reflection of an external information consists of the following parts 
(Figs.3.16a,b): 

1. Parsing and selecting words from natural (external) language (W) (needed for 
separating the sounds embedded in speech into distinctive units); 

2. Encoding the sequence of the word's symbols into the sequence of assigned 
frequencies of internal language; 

3. Assembling the incoming frequencies into the encoded words of internal 
language; 

4. Encoding the concepts in an assembly of the encoded words with a feed-back 
referring to dictionary of knowledge DK,3; 

5. Spacing both the encoded words and the concepts into the spot-locations of the IN's 
geometry. 

6. Decoding the words-concepts, identifying their meaning, and labeling them by the 
feed-backs to W and DK; 

7. Fixing the new nonredundant words-concepts with their labels in DK. The 
elements 2-5 are considered as a personal database of knowledge (DB) with a short 
term memory, included 3-5, and a long term memory that includes 2 and DK. 

The most important and unsolved problem is the transformation of natural symbols 
into words and building blocks of inner language by assembling the symbols. 
Each of the initial language's letters is encoded into corresponding W- frequency 
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LTM STM DB 




Figure 3. 16a.The scheme of functional operations for cognitive modeling: 
W-Webster's model, DB-Data base, DK-dictionary of knowledge, STM-short-term 
memory, LTM-long-term memory, m-message, ws-word's symbol, sf-symbol's 
frequency, ew-encoded word, ec-encoded concept, sn-spot's node, wl-word's label, cl- 
concept's label. 




Figure 3.16b.The scheme of encoding words (eW), concepts (eC), and knowledge 
(eK), using the IF (/j, j). 
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using the considered DSS's four letters digital code. But this code does not connect 
the frequencies. The considered assembling mechanism (ch. 1.3.7), which binds the 
interacting frequencies into the sequentially enclosed ^ nodes (Figs. 1 .7a-d, and 

Fig. 2.3), performs this function. 

Research results suggest that the brain primary translates written characters into their 
phonologies' collection. The brain also links a complete picture of a written word to 
its meaning, recalling it in a way that can bypass the word's sound. Visual reading is 
a parallel secondary encoding, needed for checking the encoded word's meaning. 

The process of reflection of visual characters, working as a primary encoding 
mechanism, possibly goes through an initial frequency's translation. Via the light's 
receptors, a set of interacting light's waves is transformed into synchronized 
frequencies. "Unlike speech, written language is an invention so a relatively recent 
that the brain has yet to develop any dedicated neural machinery to handle it. " It affects 
mostly the brain but not a spoken language. The transformation from the external 
natural to internal language is fulfilled by assigning the corresponding frequencies to 
the letters of natural language. The carrier of this function is the letter's sound with 
word's spelling in natural language. For example, English depends on sound of 44 
phonemes and uses only 26 letters to encode them. A correct grammar also can be 
verified by a right sound of word-sentence. This means that a natural language itself 
automatically carries such transformation and a verification of grammar. The 40 core 
characters were found in a survey of 500 different languages, for which all the 
variations of human language can be created. The discovery shows that all existing 
languages are identical except in small features. A natural language is reflected like 
music, played by the inner language. Language includes more than 200 possible 
vowel sounds and about 600 possible consonants. This sensitive vocal instrument 
reacts on the voice pauses, the rise and fall of a word, and so on. 

A language word's grammar can be reflected as a some symphony of the word's 
sounds. That's why human beings are so receptive to music or dance rhythm. 

Neurological research shows that the brain cells process more information than feed 
into processing cells in the ratio approximately 3/2. This means that about 50% of 
the cell's processing constitutes an interchange of cell's information. Each triplet, 

2 

supplied by the initial quantity of information 3(a +a^), produces the surplus 
(a^ +a^ )=d^ , after spending 2d^ on the cooperative IN's structuring . 

The elementary interaction of two triplets produces the information's surplus 2d^ , 
which can be delivered to any of the interactive triplet for the information's 
processing. Therefore, each triplet potentially processes the information (3+2) d^ , 

which is related to the supplied information by the maximum ratio 5 /3--1.67 that is 
close to the experimental '-1.5. Thus, "information produces information". 

A lot of interactions enable the extend production of information, which can be 
accumulate as the IN's structural information or be transferred to other systems. 

The production of information in the various random spots of the IN's triplet's 
chain leads to grow and evolution of the chain's structure, essentially increasing the 
DSS code's creativity. This could bring new substances generated by the random 
evolving code's text, which cannot be predictable a priory by an initial code's text. 

The problem of building an information model of brain functions, introduced 
in [43], has been solved in [39], 
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A recent research suggests that human genetics carry a general structure of a native 
language in form of its syntax. A visual information can be reflected by a whole 
cone's spiral, while an auditory information keeps only by the cone's basin with the 
attractor. Visual reflection of images could be modeled by an outline-map of 
considered cones, where the coinciding small cone's bases may encode the assembling 
image, as an analogy of encoded word by the assembled frequencies. The resonance's 
nodes can be equally reflected by the auditory and/or visual images. Working together, 
a speech and/or reading with the visual images can be reflected in both the cone's 
geometry and the interference of frequencies. Ac^wa/Zy, all external human's receptions 
are finally translated into an inner cognitive language. The assembling mechanism 
generates the chaotic attractors by interfering the language's frequency components. 
The synchronized mechanism, operating sequentially at the different levels of the 
IN's hierarchy, which is illustrated on Fig. 1.7b, actually implements the associative 
cognitive perception of different symbols of an arbitrary language. The attractive 
points may represent the written or uttered sentences, or the words within a sentence. 
Each focal attraction is characterized by the corresponding attractive forces and 
the information links between the focal points. Both of them model the semantic 
structure of a text or a speech. An ability to build the integrated cognitive 
network's structures of different reflections defines a flexible hierarchy of intelligence. 

The existence of common information scale allows eliminating redundancies in 
perception and memorization. None of the known cognitive models possess such 
quality. Some of neurological applications of the IMD model's cognitive mechanisms 
[38, others] can accomplish many of described neurophysiological functions. But such 
models do not have the information measure that distinguishes the differences in 
cognition. The IN space-time resonances are able to generate the information 
communicating waves and the three dimensional nodes, stored into a holographic 
memory. The experimental confirmation of such features in genetic structures is 
published in [42]. The IMD cognitive model, based on the assembling mechanism, 
the IN's information network (with the accompanied quantum effects), describes such 
categories as reflection of the external information, creation of thought, understanding 
of information, meaning, and satisfaction. 

Artificial Intelligence (AI) is based on a human ability to select the most 
informative facts and bind the hierarchical connections between them in the form of an 
interlinked information structure for understanding and decision making. 

An intellect is a system's ability to extract the negentropy-information from the 
environment and use it for the system's adaptation and improvement. The process of 
extraction is evaluated by the entropy functional, which generates the IN's hierarchy of 
information, ordered by its quantity, complexity, and quality. 

The IMD mechanisms select the most informative facts that carry a maximum of 
information, and binds this information into the IN triplet's structure. 

Each node within the IN, with the corresponding MC also evaluates a level of 
potential informational (thinking's) input as a "level of knowledge," which the node's 
coimection requires. This also provides an opportunity for the evaluation of the 
ability of a logical coimection of the message symbols by designing the 
corresponding IN's cognitive map. Learning logics consist of feeding the novelties 
that stimulate cognitive thinking. These mechaiusms of uncertainty are useful for 
cognitive modeling in artificial intelligence. Operating with the IN nodes, as an 
Artificial Intelligence (AI) language, does not require the use of traditional 
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mathematical logic, forming a foundation of any computer language. The human way 
of thinking does not need the formal logic rules, it contains an inner uncertainty. 

The set of the assigned symbols makes sense by transferring a mining, if it forms 
the enclosed macrostructure, regardless of the context. The triplet structure models an 
interaction of the node creating a new cooperating "macronode" as the node's concept 
that integrates the information effect of the initial node. The IN is able to generate 
the inner communication code as an internal individual's language. The IN's 
operations within a zone of uncertainty (UR) (at DP's locality) cannot be represented 
by a regular sequence of nonrepeatable transformations as the algorithms. 

Information within the UR is not redundant. The smallest algorithm of these 
operations is uncompressive. None of the traditional deterministic algorithms can 
describe the operations within the UR. The model has an ability to observe and accept 
visual information in a geometrical domain (square, area, field) by sensitive elements 
(additional to the model), and to transfer it into geometrical macrodynamic structures 
with a particular geometrical shape, size, and volume [10]. 

Optimal organization 

The IN's structure and the assembling mechanism can be successively used for an 
optimal organization of management at different hierarchical levels, including a 
corporate management, organization of data in an information management. 

For example, let us have different sources of information as a group of 
communicated data base centers, which are suppose to arrange, transform, and 
exchange the information, and also provide a central data hub with the transformed 
and integrated information. 

The questions are: What should be the mutual connections between these centers 
and how all of them should communicate to the central hub to produce an optimal 
transformation and integration of all of the outcoming information? 

These questions have to be addressed not only to a specific example, but also to a 
comprehensive systemic approach and methodology, which would resolve this and 
more general related system problem regarding the optimal information systemic 
connections. To solve the systemic problem, we need to formalize it in more 
generalized terms, introducing the entropy functional as an abstract integral measure, 
independent on the data specific substance. The minimax principle for this functional 
defines the optimal transformation of the corresponding information flows and the 
maximal ordering of the transformed nonredundmt information. Each information 
flow is characterized by the information speed as a quantity of the Shannon's 
information created during a time unit. As a consequence, each of the considered 
sources of information will produce the maximal ordered, nonredundant outcoming 
information flows, whose interactions should be organized in a way which provides 
the central hub with maximal ordered, integrated, and nonredundant information. 

Special requirements and limitations could be additionally imposed on the 
formulation of this general systemic information problem. 

The IMD solution consists of connecting the considered information sources by the 
Hierarchical Information Network (IN). The sequence of the IN's nodes arranges the 
optimal organization of the local subsystems- data base centers, for the example. 

The IN's bottom node also supplies the central hub with optimal ordered, 
integrated, and nomedundant information, collected from the hierarchy of local 
subsystems. To execute the IN, the considered information sources should be ranged 
in terms of the decreasing information flows-speeds, and then each sequentially 
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followed triple of the information flows should be connected into the joint nodes. 
So, each previous information triplet would provide a joint information flow for the 
sequential following two information flows, formed concurrendy (Fig. 1.1,2). The 
final bottom node of this hierarchy will connect all hierarchical ordered andintegrated 
subsystem's information to the central hub. For the information flows, ranged by the 
decreasing information speeds, each following information flow will sequentially 
supply the previous one at the successively increasing time (or length) intervals. 

If the information flows that belong to the different data sources, or the diverse data 
centers, are ranged sequentially, then their optimal connection through the IN should 
be arranged by a corresponding intercommunication between the related subsystems. 

Actually, different sets of the ranged information flows could be distributed initially 
between the local center's groups according to the center's basic information speeds. 

This would minintize the communications between the set's flows, which belong 
to the various centers. The basic speed of the information processing depends upon 
such factors as the volume of processed information, its complexity, structure and 
efficiency of computer algorithm, computer's capacity, power, and many others. The 
suitable IMD software can additionally provide data modehng for the whole system. 

A special aspect of these and other applications include information modeling 
of social and economical systems. Social system (SS) deals with the behavior of 
individuals interacting in a collective environment. An individual behavior depends 
on his/her reflection and acceptance of information from the environment, while both 
of them rely upon a mutual social experience. This connects the cognition with an 
individual behavior in social environment. Assuming the reflection and the 
acceptance can be modeled by the IMD mechanism of assembling information, we 
consider an individual as a macrounit, represented by its local information network, 
whose total information is finally enclosed into the IN's ending node. This final 
node actually models the macrounit as an individual. Depending on the accepted 
information, stored into the IN, each individual accumulates a specific hierarchy 
of the IN's nodes, which determines the quantity and quality of information 
enclosed into the final IN's node as the individual's information . 

Therefore the SS' information modeling (SSI) deals with the interaction of the 
macrounits possessing the different (in general) information potentials. Moreover, 
each IN as a macrounit reflects the influence of random behaviors of other entities, 
such as the individuals, their cooperations, and the interaction of distinct groups of 
subsystems during the O -window when the individual's macromodel is open for the 
environmental interaction [34-38]. This influence essentially affects the individual 
IN's final node in terms of the value of its information potential. 

The question is: How does the individual's macrounit behave among other similar 
macrounits that possess the distinctive information potentials? 

This behavior depends upon an individual's goal and on a set of other individuals 
within the environment, with whom the interaction takes place. Based on the IMD 
model, we assume that each individual's self-behavior can be modeled and evaluated 
by the corresponding entropy functional, identified on the individual's behavioral 
process sets. The information form of such a goal consists of maximizing the 
information accepted by the individual. 

This means, the behavior of each individual's macrounit is directed toward the 
increase of its information potential via the interactions with other set of the 
macrounits, possessing the similar goals. 
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The SSI represents a subset of a general information system (IS), which satisfies 
the above cited definition. The integration is able to increase the individual 
information potential of the joint macrounits; this is the only way to acquire a 
maximum of the information potential via the interaction with similar macrounits 
within the environment. To implement such a goal, each individual should first 
range all interacting macrounits in terms of their information potentials and then 
selects some of them for subsequent cooperation, which enables the individual to 
maximize its information potential. Because the operations of ranging and selecting 
constitute a part of each individual behavioral observation, the successful cooperation 
(as a behavioral action) depends on the individuals' intentions, and their possibility 
to find an available potential couple or other aggregation's units. This means, the 
cooperation could take place at a random moment and/or on a random space spot 
according to the free will of the cooperating units. The IMD optimal cooperation, 
generating the maximum of joint accessible information, is accomplished by 
combining the macrosystemic dynamic units in the forms of doublets, triplets for 
their future random aggregations. These entities of individuals, their groups, and so 
on model an individual's model microlevel that affects each individual macrolevel's 
IN and the information potential. The random interaction of all individual's 
macrounits (within the environment), considered as a single system, in the turn, can 
be modeled by the information network, which evaluates the system's behavior by 
its entire entropy functional and the corresponding information potential, related to 
the total considered SSI. The information modeling of both the individual behavior 
in the collective environment and the behavior of the collective SSI uses the same 
IMD formahsm, which does not require other approached and equations. 

2.2. Macroeconomics 

The information modeling of individual's behavior in a collective economical 
environment [ 16 ] is based on the similar formalism, model, and algorithms, which 
lead to the constructive solution of the above problems. The information dynamic 
model of macroeconomics, taking into account the interaction of the material, social- 
labor, and biology processes on the base of the united information mathematical 
formalism is represented by the IMD hierarchical model of the system structurization 
and the information description. The information analogies are used for the 
definition of optimal ratio of the distribution of income from property and social 
labor, maximizing the information criteria of usefulness. The model prognosises the 
dynamics of the optimal economic development and evolution of a society [ 16 ]. 

2.3. Biology 

The specific set of particles, molecules, and cells that comprise a human body and 
brain are periodically changed (on the order of weeks). Does this mean the human 
being became completely different after that? Of course, not. 

What actually is preserved portraying a human individuality? We assume this is 
the information network, connecting all accumulated information as an individual 
experience and knowledge, and the corresponding information code. The 
macromodel's systemic mechanisms have similarities with the various biosystemic 
functional activities such as the regenerative autoregulatory processes, population 
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dynamics, probabilistic models of distributed cell’s macrostructures and the self- 
supporting wave processes, the DNA information dynamics and the geometrical 
chain structure, the neuron systems and neuronal dynamics, and forming the Hebb's 
assembling complexes with cooperative macrostructures [12,21,38], where the 
nucleotides act as the life-memory, and the proteins perform the life-processors. 
Conceptual analysis of the IMD equations reveals a unified information systemic 
model of evolution, including the information functional mechanisms of self- 
organization, mutations, adaptations, controls, double spiral's genetics with coding 
language, system's generation, decaying, and heredity, considered as the information 
regularities of developing macrosystems independent on their material 
implementations [37]. 

2.4. A Summary of the other specific applications 

Let's summarize the practical results with the IMD software applications. 
A~Information processes and Technologies 

1) . The Apphcations of cognitive modelins and Artificial Intelligence include the 
computerized methodologies for concept mapping, evaluation of the level of 
knowledge, analysis of complexity of studying mathematical subjects, evaluation 
of student's performance in learning, modeling of the space visual information 
structure and images, and other relat^ results [15,18,19,29, 34,39,44-]. 

2) . Information System Analysis f or software Requirement Analysis by selecting 
most informative items and building a hierarchical informational structure of the 
requirement's items [10]. 

3) . Data Compression technology and Communications are b ased on an ability of 
the IN to squeeze into one final IN node, that carries nonredundant information, 
accumulating not only a total network with its space spiral geometrical structures 
but also the statistical microlevel. 

By representing a visual information via a sequence of the spiral cone geometry 
segment's fractions , it is possible to squeeze them up into one final IN node. The 
INs can be used for the same purposes as Neural Nets including the network 
training, simulating, and modeling. 

The IN node structure is a base of storing and subsequent retrieval of identifying 
data. An effective memorizing mechanism includes an extraction from the random 
data a mathematically dependent string of macronodes and storing the total string 
into one final IN node [30]. 

Optimal evaluation of waiting time in the communication line is based on 
the computation of the total quantity of information for information flows 
anticipating mutual communication. The IMD model determines a less waiting 
time to a source ables to communicate with more information speed within a given 
sequence [32]. 

4) . Data Classification and Modeling 

The MC-function is useful for classifying and grouping data in terms of their 
macrosystemic complexity. The macromodel selects the information macrosystemic 
effectiveness of the data by separating their dynamics from randomness. 
Applications provide the examples [10]. 

^-Identification, Informational Modeling, Simulation, Optimal Control, and 
Prognosis of complex objects with nonequilibrium physical, chemical processes 
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and superimposing phenomena (thermal, diffusion, kinetic, hydrodynamic, 
chemical reactions), in particular, the objects of electrotechnology and crystallization 
of metals, as practical examples and the systems' informational (control) processes [4, 
10,11,14, 36, 40, 41]. 

The detailed results can be found in the quoted publications. 

The above review illustrates the IMD as a powerful systemic tool for the practical 
solution of wide areas of applied complex problems. 

CONCLUSION 

The IMD basics are the integral information measure of random interactions and 
minimax variation principle, which create new formalism and fundamental results. 

The IMD subject is the cooperation of uncertainties as the carriers of information, 
whose mathematical mechanisms are described by the variation principle. 

The VP formalizes the regularities of the cooperative informational dynamics, 
connecting randomness and regularities, stochastic and determinism, reversibility 
and irreversibility, symmetry and nonsymmetry, stability and instability, regular 
and chaotic dynamics, thermodynamics and informational dynamics, time- 
reversible and time-irreversible processes, reveals the information dynamic 
mechanisms of evolution and development. 

Uncertainty is a component of physical realty, but is also the basic element of 
computer coding language, that manipulating with uncertainties, creates a virtual 
realty, going beyond posies: as the real and imaginary informational images, 
algorithms, and computer software. 

The notion of information assumes its fundamental discrete and distinctive nature, 
bound in a time and a space. The discrete and distinctive blocks of the initial 
information strings build the informational macrostructures. 

A minimal distinctive quantity of information of this spectrum is determined by a 
maximal admissible closeness of the nearest information discrete within the strings at 

minimal uncertainty ( min y = y ° , ch. 1.3.4). 

The model's process reversibility is enclosed within this quantum, whose border 
opens the model's O — window and is responsible for the model's ability for 
interactions and the diversity. 

The information's discrete waves acquire the probabilistic structure, interpretation, 
and measurement. This associates the IMD i^ormation language with the wave- 
quantum and probabihstic description of Nature in Quantum Mechanics. 

Both the fundamental physical phenomena and their information description have the 
same basic regularities and language. That's why the IMD is connected with many 
scientific disciplines studying Nature. Mathematical results provide the detail proofs 
and foundations for the integral entropy functional, the main models' equations 
following from the VP's minimax principle for this functional. 

The developed integral information measure determines the optimal information 
code not just for separated events but generally for a total chain of the events, 
connecting them into hierarchical macrostructure of the information network. 

The examined analysis leads to an assumption that the IMD information network, 
its language, and the DSS' code are the most suitable tool for revealing the natural 
regularities and phenomena in the process of communication between human beings 
and Nature. 




254 



Variation Principle 



REFERENCES 

[1] . Lerner V. S. 1977. Special Chapters to the Course" Optimal and Self-Controlled 
Systems," Kishinev, KPI-press 

[2] . Achieser N. I., Glazman, I. M.1968. Linear Operator Theory in Gilbert's space, 
Moscow, Nauka. 

[3] . Lerner V. S. 1981. Identification of the space distributed objects. Dynamics of 
Systems, 1 5 : 63-72. 

[4] . Lerner V.S. 1981. The controlled Dynamics of Irreversible Processes and their 
Optimization, Dynamics of Systems, IS : 74-107. 

[5] . Lerner V. S., Donin A.B. 1972. Building the mathematical models for some 
complex systems based on physical approach. Identification of automatic objects, 
4 9:3-22, Kishinev 

[6] . Lerner V. S. 1979. Method of combination the identification and optimization for 
complex systems. Correlating extremal control systems, Tomsk: University Press: 261- 
265. 

[7] . Fishburn P. 1978. The Utility Theory for Decision Making, Moscow, Nauka 

[8] . Herden G., Seidl Ch. 1999. Mathematical Utility Theory, NY, Springer- Verlag 

[9] .Truchaev P.I, Lerner V. S.1974. Dynamic model for Decision Making Processes, 
Kishinev, Stiintza 

[10] . Lerner V .^.1999. Information Systems Analysis and Modeling: An Macrodynamics 
Approach, Boston, Kluwer Academic Publishers 

[11] . Lerner V. S.1973. Superimposing Processes in Control Problems , Stiintza, 
Kishinev 

[12] . Lerner V. S. 1981. The nonsearch control device. Patent #798702, Moscow 

[13] . Lerner V. S.1984. Dynamic Model of the Origin of Order in Controlled 
Microsystems. In Thermodynamics and Regulation of Biological Processes, 
I.Lamprecht, A.I.Zotin, eds.: 383-397, Walter de Gruyter & Co.Berlin- New York. 

[14] . Lerner V. S. 1989. Macro systemic Approach to Solution of Control Problems 
under Condition of Indeterminacy, trans. by Scripta Technica, Inc.: 43-51, from Journal 
of Automation, S, Kiev, 1988. 

[15] . Lerner V., Dennis R., Herl H., Novak J., Niemi D.1993. Computerized 
Methodology for the Evaluation of Level of Knowledge, Cybernetics and Systems, 2 4 
(5), 473-508. 

[16] . Lerner V. 1993a. Macroeconomic Analysis of Information Dynamic Model, 
Cybernetics and Systems, 2 4 (6), 591-633. 

[17] . Lerner V. S.1996. Mathematical Foundation of Information Macrodynamics, 
Systems Analysis -Mo deling -Simulation, 2 6, 119-184. 

[18] . Lerner V. S. 1996a. The Information Model of the Mutual Learning in Artificial 
Intelligence, The IEEE Proceedings, 6th International Conference on 
Electronics .'Communications and Computers : 350-355, IEEE, SAIEC, Pueblo, Mexico 

[19] . Lerner V. S. 1996b. Constructive Understanding of Artificial Intelligence through 
Information Cognitive modo\,Working Paper Series: 1-20, University of Urbino, Italy. 

[20] . Lerner V. S. 1997. Macrosystemic Modeling and Simulation,^}^^?^^^ Analysis- 
Modeling-Simulation, 2 8 (1- 4): 149-184. 

[21] . Lerner V.S. 1997a. Information Macrodynamic Approach for Modeling in Biology 
and Mtdioim, Journal of Biology Systems, 5(2) : 215-264. 

[22] . Lerner V. S.1998. Informational Macrodynamics: System Analysis Modeling & 
Simulation M^XhodoXogits, Proceedings of the 1998 Winter Simulation Conference 
: 125-133, Washington. 

[23] . Lerner V. S. 1998b. Informational Macrodynamics: Essence of Theory and Main 
Applications, Proceedings of 1998 International Symposium on Information Theory 
and its Applications : 60-63, Mexico City, Mexico. 




Applications 



255 



[24] Lerner V. S. 1998c. Information systemic approach to education process, 
Proceedings of XVI International Conference transforming higher education for the next 
millennium : 28-29, Toronto, Canada. 

[25] . Lerner V. S. 1999a. Mathematical Foundation of Informational Macrodynamics: 
Dynamic Space Distributed Macromodel, Systems Analysis -Modeling -Simulation, 
3 5:297-336. 

[26] . Lerner V.S. 1999b. Informational Model of Stochastic Impact on Environmental 
Dyndcmxcs, Proceedings of the 1999 Western MultiConference: 99-104, San Francisco. 

[27] . Lerner, V.S. 1999c. The Evolutionary Macrosystemic Model, Proceeding of the 
1999 Western MultiConference : 57-62, San Francisco, CA. 

[28] . Lerner, V.S. 1999d. Information Systems Theory: A Review of Concepts, History, 
and Applications, Systems Analysis-Modeling-Simulation, 3 5:175-190. 

[29] . Lerner V.S. and Dennis R. A. 1999. Informational Networks for Performance 
Evaluation in Education Pxoce,ss, Proceedings of the 1999 Western MultiConference: 89- 
94, San Francisco, CA. 

[30] Lerner V.S. and Treyger A. S. 1999. Informational Network for Optimal Data 
Encoding-Decoding, Polytechnic University, ESIME, Mexico, 1 4:11-18. 

[31] . Lerner V.S. 2000. Informational Macrodynamics: Information Functional 
Mechanism of Cyclic Functioning, Proceedings of World Congress of Systems 
Sciences: 1-18, Toronto, Canada. 

[32] .Lemer V. S., Treyger A.S. 2000a. The Informational Virtual Network for Optimal 
Data Communications, Proceedings of the International Conference: Communication 
Networks and Distributed Systems Modeling and Simulation:: 125-130, San Diego, CA. 

[33] . Lerner V. S., Talyanker M.1. 2000b. Informational Geometry for Biology and 
Environmental Applications, Proceedings of the 2000 Western MultiConference: 
Environmental Modeling and Simulation : 79-84, San Diego,CA. 

[34] . Lerner, V.S. 2001. Information Modeling of Cognitive processes with Artificial 
Intelligence Applications Proceeding of World Congress of Systems Sciences, 0 1- 
9 8:1-30, Asilomar, CA. 

[35] Lerner, V.S. 2001a. Information Model of the Earth's Evolution, Proceeding of 
World Congress of Systems Sciences, 01-115:1-5, Asilomar, CA, USA . 

[36] . Lerner, V.S. 2001b. The Information System Macro Functional and Physical 
Analogies, Systems Analysis-Modeling-Simulation, 41(2): 1-64. 

[37] . Lerner V.S. 2001c. Information Functional Mechanism of Cyclic Functioning, 
Journal of Biological Systems, 9(3) : 145-148. 

[38] . Lerner V.S.2001d. Informational Macrodynamics for Cognitive Information 
Modeling and Computation, Journal of Intelligent Systems, [11 ](6): 409-470 

[39] . Lerner V.S. 2003. Information Modeling of Neuronal Dynamics, Journal of 
Biology Systems, 1 l[l]:l-27. 

[40] . Lerner V.S.2001e. Information Modeling and Control of the Industrial 
Technologies with Complex superimposing phenomena. Systems Analysis -Modeling- 
Simulation, (in publication). 

[41] . Lerner V.S., Lerner Y.S. 200 LA new Approach to the solidification modeling of 
casting processes. Proceedings of International Conference in Mathematical Modeling 
and Simulation of Metal Technologies, MMT-2000: 365-374, GM-UNI Technology R 
&D, Israel. 

[42] . Prangishvili I.V., Gariaev P.P.,Tertinshny G.G, Leonova E.A., Molodin A.V., 
Garber M.R. 2000.Genetic structures as source and receiver of holographic information, 
Sensors and Systems, 2:2-8, Moscow. 

[43] . Ashby W.R.1954. Design for a brain. Chapman &Hall, London. 

[44] . Lerner V.S., Kvitash V.I. 2003. The Integral Information Measure for Evaluating 
Relonics Maps' Nodes Connections, Proceedings of lASTED Conference on Modeling 
and Simulation MS-2003: 135-139. 




257 



INDEX 



Acceptor 


3 


memory 


3 


Accuracy 


92,195 


computation the entropy 


28 


Adaptivity 


22,24 


adaptive feed-back 


23,24 


compensation 


25 


nonsymmetrical 


25 


self-organization 


34 


Aggregation 


31,95 


stable 


31 


Algorithm 


4,16 


complexity 


20 


structures 


64 


minimal program. 


16 


Alphabet 


17 


letters 


17 


Amplifier 


60 


Andysis 


96,98 


Angle 


46 


spiral rotation 


46 


Approximation 


4,6,62 


Arbitrary 


7,8 


dynamic chain 


3 


Artificial 


49,253 


Intelligence 


49,240 


Ashby 


60,255 


Asymmetry 


88,253 


Barrier 


61 


Bifurcation 


90 


Boltz 


140 


Bolzman 


83 


Boundary 


127 


problem 


63 


Brillouin 


62 


Brownian 


62 


diffusion 


62 


Calculus 


64 


variations 


64 


Capacity 


30 


channel 


30 


Casting 


59 


processes 


59 


Certainty 


1,77 


Chain 


10 


connected 


3 


cooperative 


7 


linear 


19 


dynamic 


7 


macrodynamic 


14 



subsystems 


33 


sequence 


5 


self-productive 


33 


stability 


10 


structural information 


15 


Channel 


13 


capacity 


30 


Chaotic 


13,90 


attractors 


25,37 


dynamics 


3,90 


phenomena 


13 


Chebychev 


no 


Classification 


2,4 


Closeness 


6 


Code 


5,16,17 


alphabet 


17 


DNA 


17 


DSS 


19 


optimal 


23 


information 


47 


the fours' letters 


18 


life program 


30 


minimal 


20 


optimal 


16,17,23 


unchangeability 


16 


universal 


47 


language 


16 


Codeword 


17, 18,96 


length 


17 


optimal 


17,18 


fixed 


17 


Cognition 


244 


Collective 


250,253 


Collectivization 


7 


Combinations 


1 


Competition 


30 


Complex 


14 


eigenvalue 


14 


spectrum 


13 


Complexity 


22 


computational 


22 


macrosystemic 


23 


computational 


22 


Compression 


5,252 


information 


14 


ratio 


15,17 


Concept 


1,5 


Condition 


133,157 


Cone 


22,187 


radius vector 


46 




258 



vertex 


46 


maximal 


34 


Connections 


74,92 


minimal 


32 


virtual 


74 


structure 


17 


physical 


74 


Discovery 


47 


Consolidation 


28,65 


experimental DNA 


47 


Constant 


78 


Discrete 


7,10,22 


Constrain 


30,132 


interval 


10,13,22 


Consumption 


77 


pxDints 


7,12 


Control 


1,5,16 


Discretization 


48 


actions 


16 


Disorder 


22 


discrete logic 


16 


Distance 


15 


external 


12 


admissible 


15 


functions 


5 


minimal 


15 


mechanisms 


37 


Distantness 


106 


needle 


10,13,15,16 


Distributions 


25 


optimal 


5 


Disturbance 


4 


replication 


55 


Diversity 


2,23 


step-wise action 


13 


maximal 


23 


switching line 


9,44 


Doublet 


16 


system 


11 


Dependency 


7 


virtual 


5 


dynamic piece-vise 


7 


Cooperation 


5,10,23,30 


Dynamics 


1,3.4,23 


nonredundant 


10 


ordering 


23 


Cooperative 


52 


Economic 


251 


gate 


52 


Education 


252 


admissible 


52 


Effect 


100 


dynamics 


19 


Effective 


17 


space interval 


43 


time length 


17 


Coordinate 


4,10, 46,75 


Effectiveness 


15 


copying 


4 


compression 


14,17 


doubling 


10 


Eigenvalues 


25 


Correlation 


3,68 


spectrum. 


25 


multi-dimensional 


3 


discrete 


25 


Covariation 


201 


Einstein 


85 


Creativity 


52 


Electrodynamics 


63 


Criterion 


97 


Electroconductivity 


91 


Curve 


64 


Encoding 


18 


Curvature 


13 


Energy 


63,77 


Cycle 


29 


kinetic 


62 


Cyclic 


29 


Ensemble 


13 


functioning 


29 


statistical 


61 


mechanism 


56 


Entropy 


10,12,17 


process 


27 


function 


10 


Decision making 


241 


functional 


1 5, 127 


Deficit 


2 


external 


12 


Degree 


20,22 


internal 


12 


functional ordering 


22 


increment 


26 


disorder 


20 


independent event 


15 


Density 


8,28 


transformation 


12 


Determinism 


68,253 


production 


12,15,36 


Deviation 


22 


real 


36 


admissible 


22 


total 


17 


Diffusion 


51,98,253 


Environment 


30 


Dimension 


17, 30,31,32 


Equally 


17 




259 



probable 


17 


spectral 


2 


Equation 


1,3,51,66 


Function 


1 


distributed model 


204 


indeterminacy 


65 


dynamic constrain 


66 


Functional 


63,130 


Equivalent 


1 


additive 


63 


definitive 


1 


multiplicative 


63 


Equilibrium 


14 


Generator 


29 


local 


14,16,17 


random parameters 


29 


Erdmann 


143 


Genes 


30 


Error 


25,34 


interacting 


30 


intrinsic uncertain 


34 


Genetic 


4,17 


Euler 


64,121 


code 


4 


partial equation 


64 


govemer 


17 


Evaluation 


5,6,12,14 


information 


17 


Evaluator 


17 


Geometry 


7,10,25 


Event 


1,4 


boundary surface 


25 


elementary 


1 


multidimensional 


10 


fact 


4 


spiral structure 


7 


Evolution 


23 


Goal 


4 


direction 


34 


Godel's incompleteness 


96 


directed 


23 


Gradient 


72 


process 


23 


concentrations 


61 


Earth 


91 


Grammar 


96 


cycle 


30 


Gravitation 


150 


force 


34 


Group 


242 


Feigenbaum 


29 


Hamilton 


68,134 


constant 


29 


equations 


66 


Feynman 


3,94 


Jacobi 


134 


path functional 


65 


Hamiltonian 


67,136 


Fick 


61 


Hartley 


1 


equation 


61 


information 


1 


Field 


51 


Helmgoltz 


204 


Filter 


7,12 


Hebb 


252 


distributed 


7 


Hessian 


236 


optimal 


12 


Hierarchy 


7 


dynamic 


12 


Human 


49,59,60 


Filtration 


48 


Intellect's Amplifiers 


60 


optimal 


12 


cognition 


49 


discrete 


12,224 


intellectuality 


59 


nonlinear 


12 


Hyperbola 


87 


Flow 


61 


Identification 3,8, 12,23,34, 58,211 


Fluctuations 


12 


optimal control actions 


12 


external 


23 


Ignorance 


2 


Fokker 


99 


Interval 


15, 24 


-Plank-Kolmogorov equation 61 


independent 


15 


Foundation 


1 


Imaginary 


1,13,28,30 


Fourier 


61 


abstract situation 


1 


equation 


61 


entropy production 


36 


Force 


21 


information 


30 


attractive 


21 


quantity 


13 


information forces 


14 


spectrum 


13 


Frequency 


2,15,17 


time 


28 


information 


5 


Imprints 


3 


nearest 


15 


geometrical 


3 




260 



physical 


3 


volume 


22 


Impact 


66 


Instability 


87 


deterministic 


66 


Integration 


5,7,23 


Indicator 


93,129,223 


and ordering 


7 


doubling bifurcations 


29 


Interval 


15,221 


numerical 


22 


time 


15 


similarity 


22 


space 


69 


self-reproduction 


34 


Intelligence 


244 


Inequality 


7,8,13 


human 


49 


Inertia 


10,37 


Interaction 


2,3,23 


Information 


1,2,4,12,21 


electromagnetic 


78 


acceptor 


2 


Invariant 7,13,20, 


57, 77 


attraction 


36 


Irreversibility 


77 


balance 


12 


Jacobi 


134 


bit 


14 


Jensen 


130 


bound 


10 


Kinetic 


62 


code 


4 


energy 


63 


constant 


36 


Knowledge 


2 


content 


3 


Kolmogorov 10,30,99,, 133 


contributions 


15 


algorithmic 


20 


dynamic complexity 


19 


complexity 


65 


dynamic network 


10 


existence theorem 


89 


dynamic structure (triplet) 13 


Lagrange 


69,132 


entropy. 


15 


form 


65 


force 


36 


symbols 


17 


frequencies (string) 


7 


Lagrangian 


67,133 


functional 


19 


Langevin 


62 


geometry 


10 


equation 


62 


hierarchical 


10 


Laplace 


204 


imaginary 


13,77 


Law 


64,97 


increment 


19 


Newton 


64 


key-lock connections 


25 


second 


92 


language 


4 


Lempel-Ziv 


17 


law 


28 


coding 


17 


lows 


4 


optimal 


17 


mass 


20,36 


Liapunov 


67 


measure 


6 


function 


67 


methodology 


4 


Life 


34 


modeling 


4 


informational definition 


34 


networks 


7,15 


Limit 


6 


nodes 


17 


information 


61 


nonreduntant 


7 


Liouville 


62 


process 


5 


theorem 


62,126 


real 


13 


equation 


126 


science 


3,94 


Lipshiz 


102 


source-generator 


2 


Maclaurin's series 


159 


structural 


22 


Macrodynamics 


3,4,7 


structure 


4,10 


consolidated 


7 


subspaces 


27 


informational 


1 


temperature 


75 


Macrolevel 


12 


unexchangeable 


16 


Macromechanics 


66 


value 


16 


uncertainty 


66 


valueless 


21 


Macromodel 


3,14 


valuelessness 


16 


decay 


33 




261 



dimension 


7,15 


competition 


34 


dynamics and geometry 


7 


cooperation 


34 


macronodes 


7 


evolution 


47 


operator 


21 


mutations 


56 


organization 


7 


selective 


54 


renovation 


56 


universal 


47 


sensitivity 


29 


Memory 


2 


spectrum 


16 


information capacity 


2 


structure 


7 


Message 


2,3,17 


Macroprocess 


5,6 


nonredundant 


3 


cooperation 


6 


Messenger 


53 


prehistory 


10 


Microlevel 


12,14,15 


Macroscopic 


3 


entropy 


12,14 


action 


13 


flow 


12 


description 


3 


interactions 


12 


Macrosystemic 


19,62 


maximization 


14 


complexity 


19 


stochastic 


15,20 


equations 


62 


stochastization 


15 


information 


12 


Microprocess 


5,14 


Macrostastes 


7.12, 14 


compressed 


14 


assembling 


7,14 


representation 


14 


bound 


12 


Miller 


60 


nonredundant 


14 


magical number 


60 


output 


12 


Mining 


3 


uncoupling 


30 


Model 


13 


Macrostructure 7,17,25,22,47 


chaotic 


13 


optimal 


47 


control 


10 


carrier 


17 


cooperation 


10 


created 


22 


eigenvalues 


13 


Macrosystem 


25 


entropy 


14 


equation 


61 


feed-back 


10 


Macrotrajectory 


10 


hardware 


21 


segments 


10 


hierarchical structure 


12 


Marcovian 


5,100 


identification 


10 


process 


5,62,121 


mechanism 


10 


property 


100 


phase speeds 


16 


Mass 


69,78 


phenomena 


13 


information 


69 


quantum 


13 


Matrix 


66,201 


quantum levels 


13 


Measure 


1,2,13,20 


software 


21 


comparative 


2 


systemic parameters 


7 


cooperative complexity 


20 


Modeling 


3 


information 


13,29 


information 


4 


quantitative 


13 


mechanism 


5 


selective novelty 


54 


Moire 


87 


surprise 


2 


Moment 


17,92 


Mechanics 


62,80,82 


starting 


17 


classical 


80 


Multiplicator 


8 


irreversible physical 


66 


Multiplied 


12,36 


quantum 


82 


Mutations 


22 


statistical 


82 


Nearness 


119 


Mechanism 


7,54 


Negentropy 


2,12,16,59 


adaptive 


54 


environmental 


59 


assembling 


49 


production 


36 




262 



Network 


7,16 


nonsymmetry 


26 


entropy 


16 


redundancy 


26 


neutral 


252 


Power 


34 


Newton 


64 


motivating 


34 


second law 


64 


Prigogine 


90 


Node 


7 


Principle 


3,13 


frequencies 


49 


maximum 


10 


nonexangeability 


16 


minimax 


5,7,14,65 


connection 


20 


minimum 


5 


Noether 


157 


uncertainty 


5 


Novelty 


1 


variation 


5 


Object 


1,75, 95 


Probability 


1,4,13,17 


Observation 


95 


density 


61 


Onsager-Machlup 


90 


measure 


26 


Operator 


69,209 


trajectory 


10 


form 


69 


wave 


13 


macromodel 


21 


Problem 


99 


Optimization 


97 


Procedure 


13,221 


Order 


5,13 


consolidation 


221 


Organization 


7,19 


identification 


221 


Oscillations 


53 


joint 


221 


conjugated 


53 


optimal 


13,221 


nonlinear 


53 


Process 


3,12,17 


Paradox 


36 


completion 


17 


quantum 


36 


complimentary 


37 


Parameter 


7,13,15,3 


consolidation 


28 


curvature 


7 


dynamic 


12 


indeterminacy 


13,15 


superimposing 


22,46 


information accuracy 


14 


Physics 


61 


initial frequency's 


34 


mathematical 


61 


multiplication 


10,34 


statistical 


93 


Partial derivations 


62 


Program 


4,22 


equations 


62 


computer 


64 


Particles 


2 


control 


55 


multiple random 


13 


length 


22 


Paul 


82 


minimal 


22 


Perception 


48 


running time 


22 


Performance 


49,97 


Quality 


3,20 


Perturbations 


24 


information 


3 


random 


25 


bound information 


20 


Phase 


14,16, 22 


Quantity 


1,14 


flow 


22 


information 


14 


speeds-eigenvalues 


14 


dynamic 


14 


Planck 


78,83 


Quantum Mechanics 


13,34,65 


constant 


78 


constant 


34 


formula 


83 


formalism 


36 


Poincare 


91 


level 


20 


dynamic resonance 


91 


nonequilibrium 


36 


Pontryagin 


132,133 


paradox 


36 


principle 


132 


phenomena 


13 


Potential 


24,25 


states 


13 


adaptive 


25 


Statistical Mechanics 


80 


adaptation 


24,25 


Random 


14 


maximal 


26 


chain 


14 




263 



competing variations 


52 


Simulation 


28 


processes 


12 


Sinai 


87 


windows 


22 


Singular 


236 


Receiver 


96 


Social systems 


250 


Receptor 


53 


Software 


162,163 


Redundancy 


14 


Solid-State matter 


157 


minimum 


14 


Space 


1,52 


Region 


13,34 


curvature 


25 


uncertainty 


13 


dynamic 


20 


Reflection 


36 


information quality 


20 


conformal 


36 


structure fourth dimensional 1 8 


Regularity 


4,23 


velocity 


21 


dynamic 


23 


Spatial 


21,46 


information 


23 


angle 


46 


Renovation 


7,12 


cone trajectories 


46 


model 


12 


distributed macromodel 


21 


structure 


12 


Spectrum 


7,81 


Representation 


1 


discrete 


20 


frequency 


1 


eigenvalues 


17 


logical 


1 


initial 


17 


Resistance 


37 


minimal 


17,20 


hidden information 


37 


ranged 


17 


Resonance 


36,54, 76 


real 


13 


excitation 


53 


string 


26 


nodes 


54 


Spiral 


81,89 


Poincare 


92 


cones' geometry 


8 


synchronous 


36 


line 


8 


Riemann 


77 


triplets 


8 


geometry 


77 


Stability 


26,86 


shape 


77 


State 


2,13 


Robustness 


30 


classic 


13 


Rotation 


18, 157 


multi-dimensional 


2 


matrix 


157 


quantum 


13 


Satisfaction 


59 


Statistic 


62 


Schrodinger 


36,59 


Sterling 


61 


equation 


36,66 


approximation 


61 


Segment 


15,17 


Stochastic 


63,99 


extremal 


14, 15 


differential equation 


99 


macrotrajectory 


13 


information processes 


3 


Selection 


7,30,49 


Stochastization 


15,88,90 


automatic 


23,49 


String 


7,17 


Self-control 


16,49 


spectrum 


7 


triplets' chain 


16 


total 


17 


Self-organization 


22,23,30 


Structure 


7,10,17,28 


degree 


22 


dimensions 


17 


Sender 


2 


double 


28 


Separateness 


103 


information capacity 


21 


Set 


25,26,99 


logical 


10 


elementary events 


1 


spiral cone 


28 


Shannon 


1,5,80 


system 


10 


entropy 


4 


universal 


10 


formula 


1 


Structurization 


20 


Shilov 


170 


cooperative 


20 


Similarity 


74 


Substance 


2,3 




264 



nonmaterial 


3 


imaginary 


34 


nonredundant 


2 


real 34 




Superimposition 


91 


space 


163 


Surface 


27,46 


Transmitter 


53 


Surplus 


16 


Transition 


62 


Symbol 


1.2,5,18 


molecular 


62 


sequence 


18 


Triplet 7,9,11,16, 17,198 


chain 


5 


cones 


7 


Symmetry 


3,13 


geometrical space 


7 


Synthesis 


10,36,77,140 


helixes 


9 


optimal 


10,140,210 


information contributions 1 1 


System 


4,88,251 


initial 


17 


Systemic 


19,23,97 


rotation 


17 


categories 


4 


structure 


7,13 


generalizations 


23 


Tunnel 


53 


invariants 


13 


propagation size 


53 


level 


19 


Turing 


94 


novelties 


34 


undeciability 


94 


order 


28 


Uncertainty 


1,7,14,78 


organization 


19 


cooperation 


253 


regularities 


4 


dynamic measure 


14 


Task 


2, 101 


function 


78 


Technology 


252 


macromechanics 


66 


T ermoconductivity 


62 


maximal 


1 


Theory 


13 


minimal 


2 


dissipative structures 


13,90 


minimum principle 


7 


dynamic systems 


88 


object 


1 


string 


84 


parameter 


22 


Thermodynamics 


3,13,33,62 


principle 


7,14 


Threshold 


31,52 


region 


22 


gate 


52 


Unexchangeability 


16 


maximal 


33 


Uniformity 


102 


triplet 


31 


Unit 


37 


Time 


28,30,80 


Universe 


61 


asymmetrical 


80 


information barrier 


61 


course 


30 


Variable 


13 


direction 


28 


hidden 


13 


duration 


61 


Valuelessness 


16 


irreversible 


80 


maximum 


16 


life-time 


61 


Variation 


1,19,99 


limited 


34 


minimax principle 


19,66 


positive 


30 


Variety 


29 


reversible 


80 


forms 


29 


symmetrical 


80 


Vector 


66,100,201 


Topology 


85 


Virtual 


1.74 


punched 85 




connections 


74 


Transmission 


17 


control 


53 


Trace 


3 


Volterra 


112 


virtual 


3 


Wave functions 


77 


real 


3 


harmonic 


77 


Trajectory 


2,5,65 


Weierstrass 


127 


extremal 


7 


Wiener 


63,99 


Transformation 

information 


11,52,157 

34 


Zone uncertainty 


14,96 




Variation Principle in Informational Macrodynamics 

by V. S. Lerner 

Abstract 

Informational Macrodynamics (IMD) combine both the information description of the 
interacted information flows, initiated by different data sources, and the information 
systemic approach, which unify the distinct interdisciplinary modeling concepts for 
variety of objects of different nature. 

The IMD formalism builds a bridge between the mathematical modeling and systemic 
formalism with the world of information and information technologies to reveal the 
common information regularities of variety of modeling objects with a final goal to 
expose a specific information code for each object. 

The IMD main layers are: microlevel stochastics, macrolevel dynamics, hierarchical 
dynamic network of information flows, and its minimal logic with common 
information language-code, and the system of information modeling equations. 

The IMD unified language and systemic categories such as information entropy, 
quantity and quality of information, information flows, forces, and information 
complexity can be translated into the corresponding categories of energy, entropy, 
temperature, and other physical and/or computer analogies of specific objects. 

The IMD introduces the minimax variation principle (VP) with the process’ integral 
information measure, which is able to select most probable dynamic trajectories, 
called the macroprocess, from the observed microprocess. 

The IMD entropy functional as an integral measure of the information process has a 
distinctive difference from traditional information approaches that use an entropy 
function. The IMD subject is the cooperation of uncertainties as the carriers of 
information, whose mathematical mechanisms are described by the variation 
principle. 

The functional VP’s implementation creates the IMD Hamiltonian macroequations 
with optimal control functions, applied to both the object and its macromodel. The 
IMD Hamilton equations create Macrodynamics of Uncertainty as an analogy of 
Irreversible Thermodynamics, with the Information forces and coordinates. 
Minimization of uncertainty in the optimal macrodynamics originates an order from 
the microlevel’s stochastics by the control’s action. The sequence: Interaction, 
Integration, Cooperation, and Dynamics of Ordering, accompanied by an increase in 
Complexity, reflect forming the IMD information model. 

The VP formalizes the regularities of the cooperative informational dynamics, 
connecting randomness and regularities, stochastic and determinism, reversibility and 
irreversibility, symmetry and nonsymmetry, stability and instability, regular and 
chaotic dynamics, thermodynamics and informational dynamics, time-reversible and 
time-irreversible processes, reveals the information dynamic mechanisms of evolution 
and development. 
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